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Invitation to Our Readers 



We bring you this book at a critical time. Indeed, the world is gathering up 
its resources to face new, great, unpredictable changes. 

Thirty-four authors have joined to bring you this book; among them are 
natural and physical scientists, psychologists, historians, writers, scholars of 
curriculum and instruction, teachers of teachers, and teachers of the young. 
All have turned their scholarship, practical experience, and wisdom to probe 
the manner and mode by which elementary and high school students gifted 
in science could find opportunities to turn their intellectual resources and 
dispositions to contributions in science and technology. 

The contributors probe many methodologies — ^among them, the place of 
unified concepts and processes; the interaction of the certainties of problem 
doing with the uncertainties of problem solving; the **hands-on" approaches 
coupled with the "brains-on** ones, as well as the much needed "hands-ofT* 
ones. Thus, the tools of the student are strengthened with the hard-won tools 
of the scientist. In short, the heart of this book opens a variety of opportuni- 
ties to all who wish to help others press on with the arts of scientific investiga- 
tion. 

Clearly, all of us in the postindustrial era are now bound to a time in which 
science and technology will more than ever affect cultures, nations, societies, 
and personal lives. Yet the coming years, in spite of the uncertainties they 
bring, also offer great promise to the generations of young who use the 
resources of the past to mold the character of the future. You, the readers of 
this book, are profoundly concerned with the vrrious environments of school- 
ing facing teachers and students. Thus, you stand near the center of the vast 
n?w efforts necessary to offer the widest opportunity for all — teachers, 
administrators, parents, and those they nurture. Your overarching purpose: 
to fulfill the powers of the young in the pursuit of their personal and special 
capacities and excellences. 

But we do not yet know who among the young during their school years 
will eventually turn to a lifework in science. We do know that there are wide 
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opportunities in scientific and technological work available to the young with 
many interests, varied abilities, and personalities. We do know enough of the 
arts of teaching to create environments that nourish personal initiative in 
which the young may do works that demonstrate talent in science. And we 
are aware that, over the nation, teachers— whether in classrooms, in adminis- 
trative offices, or in the library; whether as scientists in laboratories; whether 
as parents at home— are central, singly and together, to the creation of such 
environments. 

The authors of Gifted Young in Science: Potential Through Performance 
explore the nature of work in science, in schooling, and in education, and thus 
explore in practice and in theory what is known and yet to be known. From 
the whole work, you, ue readers— from the vantage point of your particular 
situations — may find models of the environments central to turning general 
and special gifts into particular talents in science. 

I invite you to join the authors. For the book in hand advances your causes 
as teachers— in whatever capacity--as veil as the causes of the young— 
particularly those young who daily engage in finding and creating their lives 
and their lifework. 



Bill a Aldridge 
Executive Director 
NSTA 
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By Way of Beginning: 

Seeding Destiny in an Open 
Society 

Wc arc living in a world at one of its strange turning points. Indeed, a number 
of students of intellectual history recognize the present as a major crisis in 
the history of the planet. In a curious way, we are catapulting into a new 
cemury a decade or so before its coming. Society mobilized to confront the 
li dustrial Revolution a hundred years or so ago; we arc now engaged in 
meeting the thrust of what has been called the Postindustrial Revolution. 
And as Daniel Bell* insists, on convincing data, the activity of this society 
will be centrally based in science and technology.' 

Bell's analysis, as fresh today as it was when he wrote it, proceeds some- 
what as follows: The preindustrial society interacts with nature; the indus- 
trial society with the machine. The preindustrial society is engaged mainly in 
agriculture; the industrial society induces machines to till the soil, to harvest 
the crops, and to produce its goods. In an industrial society, people are less in 
tune with the rhythms of nature, more with the rhythms of time. The work is 
not seasonal; it is technical, planned to harness energy—provided by fossil 
fuels, hydroelectric power, the atom, and the sun— for the varieties of activ- 
ity in a technocratic society. 

The bases of postindustrial society lie in many industries— those con- 
cerned with polymers, computers, electronics, genetics, solid-state physics, 
and a new "knowledge" mdustry, based in the unbelievable blink of coipput- 
erized verbal and mathematical languages. These industi ies are based on the 
availability and participation of traditionally literate and numerate people 
who are also capable in the special symbolic languages and mathematics of 
physics, chemistry, geology, biology, space science, and the like. Thus, our 
labors lie in fostering the knowledges, attitudes, and skills bred in a society 



•(1973) The coming posHndusinal society A venture into social forecasting 
(New York. Basic Books) 
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dependent for its present and future on science and technology. That is to 
say, the agricultural and manufacturing industries, without which our soci- 
ety coutd not survive, are now based on knowledges, on skills, on attitudes 
that oonform to laboratory-based theory and practice in the sciences and 
their interdependent technologies. 

The essential person in a postindustrial society may well b.-* one educated 
to master the machines that can utilize the hoard of data produced by other 
educated individuals — the so-called professionals. Manufacturing technol- 
ogy in the modem inv^^istry of the d'^veloped world is geared to the supply of 
""knowledge workers" flocking, even now, to industries utilizing scxalled 
'"artificial intelligence"— that is, the artifices of the computer- -and other 
data-gathering machine?. Successful farmers now use computer-based data: 
They use electronically processed informatio' on weather, soil, and crop 
noanagement. Weather forecasters use data collectv'id by satellite. The diag- 
noses of physicians are increasingly based on the analyses of medicai techni- 
cians, who in turn use the services of machines to do microtechnical studies 
employing traces of radioactive substances. 

Industry is modernizing at an astonishing rate: It often places at the center 
of manufacturing and in command of office management those experts in 
science, mathematics, and technology who can use the complex array of 
different data-processing machines to feed the overwhelming data bases the 

memories" of modem computers can accommodate. Traditional manufac- 
turing may not compete; entire plants will need to be redesigned. 
Postindustrial society is thus mainly a service economy. Still, all citizens will 
be required to understand enough of the technical matters and detail enhanc- 
ing and coercing modem life and living to achieve some degree of psychologi- 
cal safety Witness the anxieties induced by an old disease, cancer; a new 
one, AIDS; a nuclear disaster at Chernobyl; and one in the offing, the 
""greenhouse effect." 

To reemphasize, by the year 2000 it is possible that 90 out of 100 workers 
will be engai^ed in service industries, leaving a labor force of 10 percent or so 
engaged in manufacturing and farming. Even now, only 2 percent of the 
population is engaged in agriculture; in 1900 there were some 70-80 percent 
so employed. Thus, the science-based revolution is already moving at a fast 
pace; recent reports indicate that more than half of new jobs are in the 
service industries. The thrust is intense; it afTects every facet of life. 

It is apparent we stand witness to all three worlds at once: Even as the 
television screen brings us visions of preindustrial society, as we ponder the 
pictures of men and women in the backbreaking work of contending with 
nature in underdeveloped agrarian societies, we also observe industrial soci- 
eties contending with and attending to the machine. And then, as we watch, 
we are bemused to see our young taking to the new machines (processor^, 
computers, not to forget the new arts of television) that have swallowed the 
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knowledge of times past and can organize data past, present, and luture. The 
knowledge workers using the new technologies spew out new information at 
an inconceivable rate; thus, scientific and technological data is estimated as 
doubling every 8 to 10 years rather than every 15 years, as happened a 
decade ago. 

This, then, is the meaning of postindustrial and of science-based; for 
Western society the new age no longer means contending either with nature 
or with brute machines. Now, often with effective surprise, we realize that 
informed mind contends with informed mind, aided and pressed by informa- 
tion gathered by not-so^rtificial intelligence, the latter, to be sure, under the 
guidance of human intelligence. Hence, an incredible task before us: to 
transform schooling and meld human intelligence so that it proceeds confi- 
dently and with skill to manage increasingly complex machines. But, even as 
the young undertake the newer modes of instruction in schooling, the educa- 
tion of our workers proceeds at an accelerating pace. In other words, the 
moeem workplace now requires young prepared in the newer modes of 
conserving and transmitting information derived from raw data and in the 
more complex modes of conceptualizing the data into systematic knowledge. 
A word, however, on the use (and misuse) of these significant terms: school- 
ing and education.^ 

The briefest deuuition of the function of each would explain schooling as 
an attempt to transmit the concepts, values, and skills prized by a commu- 
nity acting under the constraints of its customs, rules, and law (local, state, 
and federal). Education, on the other hand, concerns itself with the broad 
environment— indeed, an ecology of achievement of the widest kind—that 
affects all modes of life in school and out: It brings about changes in 
individuals and the culture, whether these changes act upon predispositions, 
purposes, and practices, or character and intellect. In brief, in one way or 
another, education affects all modes of life and living. 

EducLtion is not necessarily related to graduations, stages, or exits from 
any form of endeavor, public or private. Thus, education occurs in situations 
and institutions outside of school— '*t home and with family; at church, 
synagogue, temple, mosque, lamasery; with nonchurchgoers as well; with 
peers and with groups; in games and in sports; in chance encounters every- 
where; from TV, books, newspapers, and magazines; definitely from a job, 
from work; in personal contemplation; or in retreat; from experience of all 
sorts. In any event, while schooling ought not to be equated with all of 
education, both do interact. In fact, educational experiences at home pre- 
cede and then parallel schooling and hence arc both prelude to, and iyner- 
getic with, achievement in school. However, serious misunderstanding 
occurs when problems, say, of drug addiction, or spread of diseases, or 
deviant social behaviors, are thought to be curable solely through schooling. 
Indeed, schooling may contribute to the amelioration of such conditions but 
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obviously and necessarily in combination with education, beginning with and 
supported, sustained, and continued by the home, community, peers, diet, 
medical aid, psychological aid, and the like. But, however these terms are 
defined, however they are attacked or defended, schooling and education 
form the major part of a special environment — that of society — affecting the 
development of the young. Having said this by way of introduction, we now 
turn to the special problem in schooling and education with which we are 
concerned. 

It is understating by far to propose that the young now in our schools will 
be central to the development of knowledge in the 21st century. From these 
young should come a considerable number of the scientists and technologists 
who, together with those now active in science, will be vital in advancing the 
culture. Some 60 years ago Alfred North Whitehead (1929),* distinguished 
mathematician and philosopher of science, voiced his own fears about soci- 
eties that do not look to the education of their young: 

When one considers in its length and its breadth the importonce of this question 
of the education of the nation*s young, the broken lives, the defeated hopes, the 
national failures, which result from the frivolous inertia with which it is treated, it 
is difficult to restrain within oneself a savage rage. In the conditions of modern life 
the rule is absolute, the race which does not value trained intelligence is doomed. 
Not all your heroism, not all your social charm, not all , >ur wit, not all your 
victories on land or at sea, can move back the finger of fate. Today we maintain 
ourselves. Tomorrow science will have moved forward yet one more step, and 
there will be no appeal from the judgment which will then be pronounced on the 
uneducated, (p. 26) 



A Necessary Thrust 

Jonas Salk, who developed the vaccine for immunization against polio, has 
stated some of his beliefs about schooling and education in Anatomy of 
Reality (1983).^ Knowing that teachers acknowledge as their superordinate 
task their duty to advance the causes of the young, he presses upon us an 
additional purpose; we must not only meet the needs of all, but also. 

In the face of the magnitude of our problems, we are in deep need of recognizing 
extraordinary human beings ... If this is so, then it is possible that a new human 
preoccupation may be in the process of emergence, i.e., a preoccupation with 
human creativity, (p. 84) 



•Alfred North Whitehead (1929) The am.s of education (New York: Mentor 
Books). 

^Ncw York: Columbia University Press. 
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And F James Rutherford, Director of Science Education for the Ameri- 
can Association for the Advancement of Science (AAAS), writes in the 
introduction to a study he is heading: 

The hrst phase of this study I Project 206 i/ will be conducted during 1986, the 
year in our lifetimes, as it turns out, in which the most famous of all comets will be 
nearest to ihc earth The children born that year will, on average: enter school in 
!99i, gradLMie from high school in 2004, enter the job market between 2005 and 
2015, have children who start school in the 2020s, run things for two or three 
decades, retire from work in the 2050s, and live to see Halley's Comet when it 
returns in 2061. 

What we do as a nation during the next 5 to 10 years to reform education will 
afea an entire life span. Project 2061 will try to identify the content and 
character of education in science, mathematics, and technology for those children 
soon to be born, soon to start their education, soon to be responsible for the future 
of civilization (Preface, 1985)* 

The litsraturt of current reform movements supports different theses on 
the nature of the current crisis, but all agree that the education of the 
generation "soon to be responsible for the future of civilization*' is of critical 
importance. Scientists and technologists have indeed affected the future of 
civilization; and, as so many predict and as weVe beginning to observe, our 
lives will be even more deeply affected by science and technology in the 
years ahead. Thus, our pressing need to define the kind of schooling and 
education in science and technology our young require. 

No matter how we try, in time to come, we cannot now set aside one 
responsibility of schooling and education — courted, neglected, and em- 
braced, then set aside once again — that is, our responsibility to "recogniz[e] 
extraordinary human beings*' in our schools. But, as we shall see, however 
"extraordinary * these people are, first as children and then af adults, they 
still require the sustenance of colleagues and coworkers and the support of 
vast systems, not only of funds for research but also of a considerable number 
of sc^ iitists and technicians to assist their work. As we shall see, "extraordi- 
nary,*' talented contributors in science df'pend greatly on a good number of 
others who, while perhaps "not-so-cxtraordinary," are still talented. But we 
anticipate. 



*Fror.i c i . proi^asal b the AAAS for its ongoing project on luture 
science e^. .lor ..ally fi:nded in 1985 by the Carnegie Foundation and 
first cillei i 0). . 6^ Understanding science and technology for living in a 
changing v . i ne project continues as this volume goes to press as Education 
for a char^ '.n i tt.re (Washington, DC: Author). See also NSTA's 1 982 position 
statement on science, technology, and society in the 1983 Yearbook: Science 
teaching: A profession speaks (pp. 109-1 12) (Washington, DC: Author). 
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Wc should grasp the critical meaning of our responsibility; we should not 
misplace our eflbrts and energy. As teachers of science, as curriculum 
workers, as administrators, we are not engaged in genetic engineering, in the 
mampulaticn of DNA. Are we not, instead, engaged in the critical acts of 
engineering of the environment? In so doing, we are required to catalyze an 
all-important dependence: That is, we are not to isolate nature from nurture; 
we arc to enhance their symbiotic powers: They interact. In effect, for data 
to support our practices, we shall be looking to the findings of both natural 
and social scientists. 



A Thesis: in Concept and in Fact 

We arc then required to establish a central thesis, a paradigm, if you will. 
Once we have done so, the pro>^lem we have set ourselves flows toward useful 
solutions, some verifiable, some adequate for the time, all subject to further 
probe. The problem: How do we design an environment in which talent (note, 
not giftedness) in science expresses itseip Where do we begin? We reject the 
thesis that colleges and the universities are, in the end, the sole agents 
educating our scientists, our engineers, even our science teachers, We know 
enough, we have experience enough, we have research enough to press the 
point that the ecologies that encompass the random 16 to 18 years of 
education at home, at school, and in the community, and the planned envi- 
ronments of 12 years of schooling have a profound efl'ect in seeding the 
destinies of the young. Willem H. Vanderburg, an engineer and so scien- 
tist from the University of Toronto, shares this view and has laAVJii upon 
himself the description of how techttology as a whole evolves and influences 
culture. He plans three volumes. The first begins with children* His reason, 
as one reviewer puts it: Children *s socialization is what gives them, as future 
adults, "the intellectual constructs to interpret reality — their culture" (ital- 
ics ours) ( 1 987, April, p. 399).* That is one way to put it. Another is to say 
that the young begin to see themselves as part of society as they strive to 
develop themselves as individual entities within durable personhoods. One 
such entity may affirm itself in lifelong work in one of the many fields of 
study in science. We who teach know of this striving of the young. Teachers 
who probe this book will find us attending to this striving in the service of a 
common purpose: to fulfill the powers of the young in their undiminished 
pursuit of personal worth and excellence. 




♦( 1 985) The growth of minds and cultures: A unified theory of the structure of 
human experience (Toronto: University of Toronto Press), 

^From a review by Kathleen H. Ochs in Technology and Culture, 28{2). 
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Current literature on genetics is filled with cases demonstrating the inter- 
action of genetic with environmental complements: An individual is not the 
product solely of his or her heredity or solel j of the environment. And, as we 
shall see, originative work or discovery in science, a sign of '"talent" in 
science, must be strongly assumed to be a product of the interaction of 
heredity and environment at every point in the development of the young. 

We consider, then, the variety of school environments that fulfill the 
powers of all children. Note, all children! For how do we know whether the 
young are talented in science unless they have had access to equal opportuni- 
ties to participate in fruitful schooling and education early on in childhood 
and in youth? That is, to think, to do, to perform in science. Put another way, 
in an open society, we are bound to assure access to equality of opportunity to 
all the young, so that they may try their ability and talent in whatever field 
and in whatever ways schooling, complemented by education, can devise. So, 
Finally, in the course of development, they may enter science in whatever 
capacity they choose. 

A Thesis: In Intent and Content for This Book 

We are convinced that schooling and education should make the widest 
opportunities available to all; it is, after all, eminently clear that it is the 
architecture of the environment of schooling— and not the components of the 
helix of DN A— that is open to redesign by the citizens of the community and 
by those who staff the schools. 

It is further clear that society requires of the schools fundamental partici- 
pation in any4:hange in its direction — in the evolution of the culture. Thus, 
the present demand is not simply for rote changes in administration, curricu- 
lum, or instruction to inform the young of the nature of postindustrial 
society. We are, instead, obliged to redesign the school environment to allow 
the young, equipped at various levels of excellence, to find their places in 
society not only or mainly p experts in the incredible variety of work and 
works possible in an open technocratic society but also as widely literate and 
numerate citizens within it. Clearly, experts are needed; they will certainly 
collaborate to invent the new knowledges, skills, even dispositions, to help us 
to maintain a respectable place in the scientific, geopolitical, social, and 
economic life of the ''global village." But what is also clear is that our 
schooling and education should fit all citizens — whether or not they are in 
science — to accommodate newer modes of life and living in this country and 
over the world. As Ren6 Dubos, scientist and conservationist, exhorted, 
''Think globally, act locally." 

However we define the new world forming before our mind*s eye, as 
teachers we have no choice but to confront a serious situation: Our survival 
as a nation depends not only on equipping agriculture and industry with the 
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requisite new science and technology but also on the redesign of our school- 
ing and education. 

What coursr. to follow? The authors represented in this volume have taken 
on the obligation of proposing — insofar as the redesign of certain aspects of 
the school environment is concerned — how we may provide for the young so 
they may in good time find places suitable to the privileges of an open 
society, but a society rushing into the postindustrial era. We incline to the 
free exercise of a mode of explanation sanctioned in science. We offer a 
variety of works and views suggesting how science talent may be fostered; to 
these, readers will providentially add their experiences and analyses and so 
coiistruct explanations idiosyncratically individual. 

Early on, Percy W Bridgman offered a firm view of the architecture of 
scientific explanation in the service of designing a construct. He wrote: 
^'Explanation consists merely in analyzing our complicated systems into 
simpler systems in such a way that we recognize in the complicated system 
the interplay of elements already so familiar to us that we accept them as not 
needing explanation" (1936, p. 3).* 

After this spirit, the various authors writing here probe the phenomenon of 
talent in science in sufficient analyses that we may in turn sort the ''compli- 
cated system" into the "simpler systems" undergirding constructs or models, 
or designs of a special school environment: orw that enables the young with 
science talent to select the opportunities for performance in science. The 
construct in this book lends itself to concept seeking and concept forming 
along these lines: 

• Is there a viable concept of talent in science? 

• If so, how do we seek the talent as expressed in the period of schooling? 

• Further, how do we foster it in the activities we call schooling and educa- 
tion? 

It is becoming ever more clear that the environments invented for the 
schooling of those we have variously called "gifted in science," or "science 
talented," or "science prone," or "students with high-level ability in science" 
are now recognized and have achieved a certain commonality. In this ac- 
count, we follow a certain route, charting in three interrelated parts of a 
whole the commonalities that may be posited with some assurance. The 
contributors to this volume embody not only the disciplines and values of 
scholars and scientists but also those of teachers. Thus, here and there the 
reader will find a conscience marching to the cadence of Thoreau's different 
drukiiiner. Nonetheless, the striving of all the authors is to design models or 
paradigms (in the scientific sense of the terms) of "talent in science": that is, 
modes with which to think and arenas in which to share ideas with others 
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probing similar fields. A caution: The models come out of a science of 
practice — not yet one of the laboratory. That is, within the authors' experi- 
ences and even experiments, the models have worked; the talented in science 
have prospered. 

Purpose and Principles 

First, out of his long experience, A. Harry Passow traver^^^s » large terrain to 
probe the variety of environments designed for the gifted, commonly called 
"programs" or "curriculums." As he generalizes ;heir purposes and princi- 
ples, it becomes evident that, within the geography of curriculums for stu- 
dents who have been called "gifted and talented" in science, there are at 
least two purposes: first, a curriculum that serves all those who will grow up 
to be citizens of a society in which science and technology have enormous 
impact; and second, a curriculum that attends to those who intend a lifework 
in science or technology. Clearly the work of the "gifted" in science is 
untenable without support. Leaders of research teams in the various fields of 
science depend on a population of administrators and assisting scientists, as 
well as a professional managerial and clerical staff that understands and 
assists the purposes and practices of scientific research. In addition, it is 
essential that the populations who make up an open society understand in 
general the aims and the works of scientists; these citizens may thus be 
empowered to aid such political processes as are required to support scien- 
tific work with the resources and funds needed to carry on research. And, 
what is more, in understanding science such an informed populace can affect 
the uses of the sciences and technologies; demonstrably the latter have 
increasing impact on that complex of life and living we call our culture. 

Abraham J. Tannenbaum, a psychologist and an experienced teacher of 
the gifted young, clarifies and systematizes progress in the areas of "gifted- 
ness" and "creativity," fields in which he has pursued definitive studies. 
Because meaningful work cannot be done without the systen^atic assertions 
on talent required for further study, his findings, his definitions and 
conceptualizations are essential. In this volume, he probes what he calls a 
"tantalizing phenomenon" — creativity — and distinguishes between the 
promise of talent and its fulfillment. Tannenbaum investigates the singular 
personal attributes that undergird the visible encounters of learners within 
those environments that foster the emergence ol' talent. He identifies five 
psychological factors and their social linkages be:ween promise and fulfill- 
ment, all of which "interweave delicately as if to form a subtle filigree" we 
call talent. And he addresses some of the paradigms that have ^accompanied 
designs of the environment intended to advance the causes of the gifted. 

But, recall once again, ours stubbornly remains a science of practice. And, 
thus, the works of wise, persistent scientists, and those of dedicated teachers 
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who know science and the practice of scientists, and those of the careful 
creators of appropriate designs for schooling arc informed not only by theory 
but also by practice. We turn to Calvin W. Taylor and Robert L. Ellison, who 
review certain aspects of their many researches in the field of science talent. 
They present a broad view of the researches of psychologists, scientists, and 
scholars engaged in analyzing the "nature and nurture" of aspiring and 
mature scientists. They posit two ways of nurturing science talent: Knowl- 
edge Outcome-Based Education and Talent Outcome-Based Education, 
melding the two into a schema for the effective nurturing of the talented. 
Thus, they probe the **multiple intelligences" that sUnd behind the complex 
we have called -science talent." 

Passow, Tanncnbaum, and Taylor w^re among those who engaged in the 
early work that laid the foundations of the movement to innovate programs 
designed to find and educate the gifted in the 1940s, 1950s, and 1960s. It 
was my good fortune to press on with my probes at about the same time. 1* 
had begun as a research scientist only to find myself more interested in the 
^ henomenon of scientists at work than in their phenomenal work. Later, in 
the public schools where I Uught, my colleagues and 1 were able to develop a 
channe' ng environment that permitted the young to identify their various 
interests so that they were in turn able— without the hurdle of an entrance 
examination— to choose (or not choose) to immerse themselves in an aug- 
menting environment. There, susUined by both individual and cooperative 
eflfort in the learning of science through observation, experiment, and investi- 
gation, students had the opportunity to demonstrate Ulent in science through 
originative work, through performance. These studies, in tum, led to the 
development of two nwdels: one, under the rubric of **ecologies of achieve- 
ment," embraces environments that affect the expression ot ulent in science; 
the other, *'self-selection," describes a model for students' entry into the 
kinds of originative work within the capacities of the school. 

And then there is Gunther S. Stent, a scientist who sees scientist and artist 
within a composite sphere, both concerned with the organization of "new and 
meaningful statements." He probes the hidden likenesses and differences 
among artists and scientists and, in so doing, informs our sensibilities. He 
asks« in effect, whether the thrusts of our yet undeciphered minds are similar 
enough to outweigh the differences of certain obvious habits of scholarship. 
Is there not **uniquencss" as well as "commonality" in the ways of scientists 
and artists? Stent's meaningful statements condition our thinking and re- 
quire us to look to our explanations of the act of origination and discovery. 
He suggests that, while probing differences between the acts of artists and 
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scientists, we sometimes inadvertently set aside the hidden likenesses of all 
those who originate and discover 

The thrust, then, of this opening section of the book is clear It concerns 
the schooling and education of those individuals who turn their potential as 
students into that singular performance of scholarship and personality: the 
perdurable, verifiable, self-correcting mode and manner of the performing 
scientist. 

Programs: Certain Bases for 
Planning Curriculum and Instruction 

We turn now to works of teachers and administrators who have not only 
designed schools for the gifted but also have devised programs and practices 
(models, if you will) for those who will turn their gifts to science. We 
emphasize a paradigm, based in solid studies in the genetics and 'he biologi- 
cal development of organisms, demonstrable in all the plans that have been 
proposed by the authors to bring forth talent in science. The DNA of the 
individual interacts with environment at every point in the development of 
the organism} 

What, then, is lost if there is little or no work in science in the elementary 
school? Or middle school? After all, it is surely a safe notion that experience 
with science at an early level of development — whether in education at 
home, or in kindergarten, surely in primary and middle school, and of course 
the high school — furnishes valuable lessons in both general learning and 
specific knowledges, attitudes, and skills. Also, the universality of the para- 
digm leads us to postulate that those modes of instruction that have been 
found to call forth the kinds of attitudes and intellectual activities charac- 
teristic of science should be available at all levels of instruction and utilized 
where appropriate in the variety of curriculums adopted by different schools. 

Indeed, practically every author who ha« discussed instruction in this 
volume has adapted the variety of approaches in instnictioi) in free applica- 
tion to early childhood, primary, middle school, and high school programs. 
Thus, useful among other practices to all learners at many levels of schooling 
are open classrooms and a variety of inquiry modes, whether practiced in 
cooperative learning, in individualized and team instruction, and/or investi- 
gation in field and laboratory; whether employed in problem solving and 
problem doing, "hands-on" and "brains-on" activity, or lecture; whether 
through the utilization of audiovisual aids, computers, libraries, or mentor- 
ship in all its varieties. It is to emphasize that the modes of learning that 
infom all the studies in this book (titles aside) are thus not to be segregated 
to the elementary or high school levels; it is taken for granted that each 
reader will select what is necessary to create the most useful of environments 
for the young within the sphere of his or her responsibility. 

O > 
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Thus, Annemarie Roeper, who, with her husband George, invented the 
Roeper School for Gifted Children, offers us the richness of experience as 
she explores the ways of the young in their early growth and development 
and applies her wisdom to children as they "science.** (Some of us view 
science as a verb masquerading as a noun; therefore, we conjugate it.) 
Roeper notes not only the '*ways** children learn but also the **whys**; she 
regards each child as preciously idiosyncratic. Thus, while she sees the child 
within the group, she emphasizes that he or she is seeking individual entity. 
In a sense, Roeper maintains that experience in sensing and ordering the 
natural environment furnishes the baby, the preschooler, the kindergartner, 
the elementary schoolchild with those elements that feed his or her **instinc- 
tive craving for the world of understanding.** ^ Roeper explains, yes, children 
can probe; they can perform small acts of origination; they can, and do, 
science. 

Next, Steven J. Rakow proceeds to the architecture of the environment of 
the middle school, too often a dread land of random experience uninformed 
by the nexus that frequently shapes the world of the primary school Taking 
from his experience as a teacher of the young and as a teacher of teachers, he 
offers a plan for the young within heterogeneous middle schools — the latter, 
recent comers to the architecture of public school systems. As yet, the 
middle school is still seeking its special place in the design of curriculum and 
instruction particularly applicable to the young in their years of rapid physi> 
cal, mental, and emotional growth. Rakow takes a simple position: The 
middle school is to tend the young both in their essential individual develop- 
ment and in the fulfillment of their powers. And, in so doing, to aid their 
entry into the postindustrial 21st century. For all the young about whom 
Roeper and Rakow write are precious resources who will advance the society 
burgeoning beyond the year 2000. 

Most of the writers in this volume dwell on students who fall easily into the 
category of learners. Somehow, such students are able to ^'accumulate ad- 
vantage** in the kinds of environments we are recommending. Bill G. 
Aldridge and Deborah C. Fort would remind us that this good fortune is not 
shared by all students, in all schooling, in all education, indeed in all of life. 
Aldridge and Fort insist, rightly, that not all environments in schooling and in 
life provide equal access to opportunity Nor do all environments offer 
equity -justice— nor do they guarantee the right to achieve entity to all in an 
open society. Aldridge and Fort demonstrate that there can be an **accu- 
mulation of disadvantage** but that it can be ameliorated; they describe 
various stages that could help assure equal access to wide-ranging opp^jrtuni- 
ties in schooling and education. They wonder how an open society can afford 
to squander the promise in a child. Aldridge and Fort press the case of the 
single individual who can be lost in the arms of the larger statistic of those 
measures purported to test '*intelligence** or "creativity.** Thus, according to 
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the present state of our knowledge: Intelligence and creativity "tests" are not 
per se measures of talent in science. 

Next, Sid SitkofT calls our attention to an essential organization providing 
for the science classroom; he explains the role a science center can play in the 
support of teaching and learning science. He describes and samples for us a 
most important aspect of a plan for instruction. Science is indeed a signifi- 
cantly "hands-on" activity — not, of course, to set aside the "brains-on" 
planning involved in doing science or in science teaching. Sitkoff describes a 
citywide program that supports laboratory and classroom activity by provid- 
ing equipment, lab materials, learning materials, and a host of aids necessary 
to "scieiicing." The community enters into thr support system he has de- 
vised. To what end? Science centers lielp the young learn through all their 
senses — sight, sound, touch, smell, (rarely taste). Their nervous systems 
vibrate to many kinds of feeling, kinaesthetic and emotional. 

Sigmund Abcles who, as a science supervisor, has guided Connecticut's 
teachers in their development of appropriate cunicular, instructional, and 
administrative devices in many aspects of science, directs our attention to the 
variety of programs meeting the needs of citizens and scientists-to-be in 
urban, suburban, and rural communities. He posits that what is missing is a 
stable year-in, year-out plan for the instruction of the gifted. Thus, he calls 
our attention to the dry periods where schooling and education may fail to 
serve those who have not yet defined their purposes and who seek direction 
and need guidance and opportunity. Programs for the nurture of gifted 
students in science are still young; those programs operating are not orga- 
nized nationwide and are still in search of a guiding philosophy and princi- 
ples. But certain of the programs he writes about take on a new flavor: They 
combine schooling and education. This is a long-awaited unity, only a begin- 
ning to be sure, but one with great promise. 

Then we hear from the specialized schools, which accept their students in 
numerous ways — for example, on the basis of prior achievement, or admis- 
sion by tests, and/or recommendations of teachers. Charles R. Eilber and 
Stephen J. Warshaw describe the environment of the 4orth Carolina School 
for Science and Mathematics (a state residential school) where they teach 
and work. Established in 1977, it is already serving as a model for programs 
both within and without the state. And Milton Kopelman, Vincent G. 
Galasso, and Madeline Schmuckler describe the architecture of the pro- 
grams in the Bronx High School of Science, which recently celebrated 50 
years of nurturing the gifted who turn their talent to science. Bronx Science's 
rich program of studies includes opportunity for originative work in science, 
calling for active performance as well as high general ability. Not only do we 
gain insight into the personality and scholarship of students and teachers at 
Bronx Science, but also we may infer from the description of the program 
the problems of designing so rich an environment for so demanding a popula- 
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tion of commuters. Here too we find students using the resources of tne 
community's laboratories and its scientists-a powerful blend of schooling 
and education. Kopelman and his splendid teaching staff not only carr/ on 
the tradition of Morris Meister. the designer and first principal of the Bronx 
High School of Science, but also advance the learning of the young in 
another way that would gratify the school's founder. At Bronx Science large 
and small groups as well as individuals plan and carry on investigations and. 
in the time-honored way of the scientist, share with the group in and out of 
school the results of their research, a practice that is. as it should be. centra! 
m that environment we call the ecology of achievement centered in the 
community Meister would marvel at the steady high road the school has 
taken. 

"Magnet schools" in the public sector and private "independent schools" 
for the gifted tend to emulate this model: Performance in the arts of investi- 
gatran in science acts as an indicator of pro.nise of talent in science Recall 
however, that some heterogeneous schools have devised similarly effective 
models. But. generally speaking, whatever the structure of schools for the 
"gifted," if they incline to offer an optimum environment for the "gifted in 
science " they tend to follow the model given over to a combination of 
channeling and augmenting environments that demand an earnest of poten 
tial: ngorous scholarship in science and a demonstration of ability to perform 
in the art of scientific investigation. 

Irviijg S. Sato concerns himself with the bread-and-butter task of develop- 
ing a cumculum for all gifted learners. Then, he stresses the nature of the 
modifications such a curriculum should manage not only for those "gifted/ 
talented"* in science, but also for those gifted learners who are not especially 
disposed to science. Sato describes the disciplines required to develop a 
cumculum. In so doing, he reminds us of the tremendous surge in the 1950s 
and 1960s in curriculum building for all students in science as well as those 
•gifted/talented." That wave is spent; now we see another crest of develop- 
ment of new plans for instruction. The thrust and rubric of tiie current 
cumculum: Science-Technology-Society. It aims, at last, at a meld of scien- 
tist, social scientist, and citizen. 

Passow returns to remind us that help for the gifted in science and math- 
ematics IS not limited to schooling's offerings. The general community of 
scholars now makes available educational programs for aspiring scientists 
and mathematicians; thus, once again the community makes available its 
educational resources to the young. The programs Passow details offer to the 
young wide-ranging yet incisive openings into the philosophies and practices 
of the scientist. 
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Thrn, Pinchas Tamir has taken upon himself a difficult, disturbing task, 
and his striving rewards us with a significant problem. He describes— all too 
briefly, for the editors presented him with their request too late for the kind 
of scholarship he would have chosen— programs nurturing the gifted pro- 
vided by a variety of countries worldwide. Putting aside personal predispo- 
sitions that governments should offer access to equal opportunity, Tamir sets 
the offerings of closed and open societies side by side. But the lesson is clear: 
All societies do not serve all children. 

We turn now to examine certain practices that focus on instruction— on 
teaching the young in large and small groups — and, where desirable, that 
assist the young in their plans for individual performance in research. In fact, 
schooling ought never embrace i n organization and administration that shut 
out the "constructive affection" (Margaret Mead's phase) necessary to free 
all the young in pursuit of their powers; of course, diverse abilities grow in 
such an environment. That is to say, the young, seeking expression of their 
gifts and talents., tend to flourish in a beneficent environment within the 
ecologies of achievement melding school and community. 

To reemphasize, these environments, these ecologies of achievement, are 
to be open to all citizens in an open society, a so^ ty designed to elicit a 
balance of opinion without coercion. It is nec%. ^ry, then, that teachers 
develop the personal inventions, art-sciences, or crafts we call teaching— 
wide-reaching in purpose and practice, in effort and effect — all-embracing in 
the new world we are just beginning to apprehend. Here, thus, a number of 
teachers share their attempts to devise particular practices in schooling and 
education that have been fruitful in developing environments that call forth 
the potential within gifted students. 

Evelyn Morholt and Sigmund Abeles join me in dissecting out two kinds 
of environments within science as it is taught in schools generally. Examined 
first is the work expected in the weekly "experiment" usually finished in a 
single or double class period. These so-called "experiments" are really exe^ 
cises in problem doing, for the "discoveries" made in the solutions are known 
and, indeed, planned for, in advance. Most students with high-level ability as 
measured by IQ scores do these exercises with good conscience and good 
results. Examined more fully is another kind of environment, one that ex- 
poses in the young their potential to be scientists. This enviro^'ment offers 
opportunities to perform in research and appeals to students whose persistent 
dissatisfaction with present explanations of reality leads them to put their 
energies and scholarship in a quest for a new expression. For these young, one 
useful strategy presents itself: Let them try originative work in science. Let 
them engage in problem solving by wrestling with a "true" unknown over a 
year or so; of course, there is always the mentor at hand. Thus, we detail the 
forms of instruction of an early apprenticeship for those who wish to do 
science. After James B. Conant, we call these strategies and tactics in 
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instruction, modes of well-ordered empiricism. This process involves that 
complex activity ir thought and action once called "scientific method," now 
considered a.i -art of investigation" (W I. B. Bcveridge's phrase). 

So, too, Joseph D. Novak examines critically the methods of teaching that 
call for rote learning as well as passivity of our students. He approves of 
neither and proposes a philosophy and practice that is "constructionist," 
which engages a newer interpretation of how scientists learn and how they 
investigate. Novak presses for a recognition not only of the dispassionate 
mode but one that understands underlying feelings. He is mindful of Michael 
Polanyi's recognition of "passion" in science. And so Novak paints a picture 
of inquiry— and givvs examples of me .lodology that set aside rote and call 
for active striving in thought and deed: The young are to think critically and 
do what they plan constructively in problem solving. 

Roger T Johnson and David W. Johnson also propose a continuation of an 
eflectivc practice in instruction. Probing failures in instruction, the Johnsons 
find classrooms inadequate and confining when they fail to offer the "cooper- 
ative learning" that serves the young so well. We have, the Johnsons posit, 
forgotten the one-room schoolhouse and its practice. They also emphasize 
proficient performance in learning in groups, with students fave to face, 
rather than passively regarding a teacher engaged in a lectur. The Johnsons 
also remind us of certain kinds of cooperative learning in science: Scientists 
perforce learn from each other. 

Finally, Robert A. Day assists us with a lucid account of why scientists and 
for that matter all scholars must write. He offers perspc livc into a device 
too many have neglected: clear exposition of purposes, or plans, or devices 
for schooling and education, or advances and discoveries, so that others who 
work in the variety of fields in science may conserve, transmit, correct, and 
expand their fields. In his dialogue, he reminds us that scientists are part of a 
society: They interact; they communicate; they inform in speech— and in the 
more lasting written word. Are we not. as writers and readers of this volume, 
even as scientists, a gathered people drawing on each other's knowledge, 
attitudes, and skills? Day develops his thesis so that, in effect, his paper 
becomes a primer for students at many levels on the planning, drafting, and 
V iting a summary of research— or for that matter, any report requiring the 
sequential mustering of evidence in science schooling, or education. 



Personal Reflections 

A' thei^ indeed any "hidden likenesses" or "hidden differences" in the 
"crystallizing experiences" (Howard Gardner's term) of scientists and sci- 
ence teachers as they reflect briefly on events that turned them to their life's 
work? Perhaps we shall find their crystallizing experiences in 
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• a particular life^affirming event? 

• a particular teacher or mentor, a writer perhaps, a key person who has 
become a permanent and cherished resident in mind and memory? 

• a particular experience that strikes home and remains there? 

• a period of study or the teacher or teachers who guided it? 

• none of these? 

• all of these? 

Under the contributing editorship of Gerald Skoog, a science teacher and 
teacher of teachers as well as an administrator of research and academic 
programs, a constellation of scientists and teachers, who have hollowed out 
their niches through their distinctive ways of work and thought and being, 
offer their reflections. All are exemplars of creative thought and action in 
their work. All arc scientists, or teachers of science, or both. 



Stephen Jay Gould 
scientist and writer 

Lorraine J. Daston 
historian of science 

Lynn Margulis 
biologist and writer 



Isaac Asimov 
writer 

Joshua Lederberg 
geneticist (Nobelist) 

Francis J. Heyden, S. J. 
geologist and astronomer 

Kcben A. Rice 
administrator and teacher 
of teachers 



Glenn T. Seaborg 
chemist (Nobelist) 



Gerald Skoog 
administrator and teacher 
of teachers 



A Beginning Library: Gifts, Talents, Science 

Then Morholt returns with Linda Crow to face this question: What do 
teachers, in their attempts to design a program for the talented, need to have 
at hand in order to fashion an appealing and solid program? From the 
multitude of publications now available, they have gleaned a small but useful 
library. Such a library was not available in the early years of study of the 
talented in science— some 50 years ago. But Morholt and Crow have fash- 
ioned an annotated bibliography that furnishes a foundation for those who 
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would develop programs and practices for the gifted, and, in so doing, give 
room to development of the wide swath of excellences, allowing expression of 
many talents, large and small. 

K Promissory Note 

Knowing that we stand at the beginning of our understanding of how the 
hunuin creates, it must be that, at present, work on modes of evoking 
creativity must remain a promissory note, conclusive only in the fact that its 
theses continue the necessary search. But note that, even as we state our 
doubts, the host of scientists of past and present are joined in crcp-'ng a 
foundation of newer knowledge, newer skills, and newer attitudes, o.. ..nich 
we may manage to create our future. In effect, a new world is being created 
whoie design even now is not fully within the grasp of brain and mind. Yet 
we know that, in science, the creation of newer knowledge lies not only within 
the capacities of scientists now at work; it lies now as well in the young and 
their teachers in our classrooms. 

We think of .he future and note that we are required to plan for our • oung 
who will be obliged to conduct their lives in a future just barely visible And 
we face a discomforting proposition: Society without a future does not need 
to plan for one. Is it not becoming increasingly true that the young— like 
us-will find their futures bound not only inextricably with the lives of others 
in this our land but also with those elsewhere? All our futures are interwoven 
and fixed on so small a planet whose course is fixefl in so vast a universe It is 
plain then, is it not, that to teach is to prepare the young for life and living in 
present and m future? Who is to say that the future may not be bright' Who 
IS to say that the young may not live the lives we-all of us-dream for 
ourselves? 



****** 
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Clearly, a work is the invention of an individual or of a group, acting within 
an ecology of achievement-that is, within a singular environment. Also, 
that environment is almost never the invention of a single individual but 
comes out of the endeavors of the uncounted. And it is the sharing of the 
creation of that environment that has been the willing work of the authors 
and editon of this volume. 

Thus, if I may be permitted a personal comment that I believe is to the 
point, my uses of "we" and my declining in general the use of the personal 
pronoun is not a matter of style, nor is it stphistry. It is an obligatory 
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acknowledgment of all those who contributed to the thought that nurtures 
this volume: thought that migrated into the bedrock of our discussion with- 
out er.plicit knowledge of the contributor. Who knows the precise authorship 
of, or where, or whence, or how a thought expressed in this paper came into 
being? Hence "we." 

In a sense, this book is an affirmation by 34 authors and editors that the 
intellectual and emotional commitment to science as a lifework may well 
begin in the schools. The significance of this commitment is no longer 
couched in the obligatory *'aims of education:" It has become emergent. The 
society that ignores science as part of its cultural imperatives may well be at 
hazard. So it is that the contributions that are the heart of this book are not in 
the nature of prolegomena but are statements of the mission by the authors 
to whom we, as editors, state our deep indebtedness and abiding thanks. 

Theirs is not only a vision of science as a root source in advancing an open 
society launched into a postindustrial era but also is an unmistakable asser- 
tion that free and full and equal access to opportunity in science for all the 
young is a guarantee of our freedom. Further, denial of equal opportunity to 
demonstrate a talent in science puts us at hazard. A mature schooling in 
science has not only or mainly become a cultural imperative affecting sci- 
ence, technology, and society, but also in its own right is based on a certain 
discipline of resporsible consent and in its twin, dissent. Thus, science may 
well teach a certain integrity and the privileges of commonality and diversity 
in perception and thought about the way the world works. 

I, personally, am deeply obligated to A. Harry Passow, my co-editor, and 
to Deborah C. Fort, association editor for the National Science Teachers 
Association; their gifts of intellection and hard-won experience are to be 
found in the development of the substance, structure, and style of the work. 
Harry Passow brought not only his experience as teacher of teachers and of 
science but also his profound understanding of the nature and nurture of 
giftedness as a doyen in the field — so acknowledged worldwide. Deborah 
Fort, a teacher of writing within and without the university, brought her 
er.traordinary, finely tuned knowledge and skills as a writer and editor to 
achieving continuity within the diversity of a richness of texts, thus molding 
the work to its particular purpose: sustaining the young in the pursuit of their 
special and different excellences as they seek to fulfill their powers. And 
former NSTA president Gerald Skoog, a teacher of science and of teachers 
of science, brought as contributing editor his insights into the ways of 
scientists and scholars to augment the work with vignettes of the reflections 
of scientists, scholars, and teachers. In all this, we gratefully acknowledge 
the selfless assistance of Diana J. Holmes, who gave generously of her time to 
commit her editorial u ,dom and superb skills to the completion of the work. 

But it is also to the great and good authority of the National Science 
Teachers Association that all of us who bear responsibility for this work give 




Gifted Young in Science: Potential Through Performance 



our thanks, The Association's Yearbook Advisory Committee chaired by 
John E. Penick and the Advisory Board for Special Education formulated 
genera! principles for the volume. It was Phyllis R, Marcuccio, director of 
publications, who gave origin and impetus to the course of the work. Shirley 
L. Watt, managing editor of special publications, with a sure hand guided 
the work through the uncertainties that a first project in any field endures, 
Both have borne patiently, wisely, and graciously with our demands. And to 
Bill G. Aldridge, executive director, for his strong faith in the work, go our 
high regard and admiration not only for his leadership in the schooling and 
education of the young but also for his acumen in bringing the Association to 
its present dominion. 

We are aware that we are at the beginning of the study of creativity in 
science, This is surely so. 

Gregory Bateson (1979)^ taught me to beware of finality, and I'm grateful 
for his wisdom. He cautioned: "What remains true longer does indeed re- 
main true longer than that which does not remain true as long." 



FEB. 
August, 1988 




By Way of Beginning 



Endnotes 

1. Daniel Bell summarizes 2 great deal of history in this fine volume and probes 
basic knowledge in cultural cliange We have drastically redacted his extensive 
development. 

2. Bernard Bailyn presses this distinction (which is still not accepted in com- 
mon speech) extensively in Edt cation in the forming of American society ( 1 960) 
(Chapel Hill: University of North Carolina Press); and Lawrence Cremin extends 
it in several works, but mainly in American education: The national experience, 
1783-^1876 (1980) (New York: Harper and Row). In our view, the confusion 
causes mischief when the terms are used interchangeably, especially in the politi- 
cal arena. 

3. The model we present is an old one, but honored in misunderstanding. 
PhilosoDhers spoke of "nature and nurture'' in the 1 7th century farmers talked of 
"seed and feed" a century later. Thomas Hunt Morgan, in his laboratories at 
Columbia University, demonstrated it in his seminal genetic studies of fruit flies 
(Drosophiia) in the early 20th century. 

4. Gardner Murphy's phrase (1 961) from Freeing intelligence through teach- 
ing {New York: Harper and Brothers), p 32. It is increasingly thought that the 
child's apparently random groping may be "gene-driven.*' In efl'ect, there is 
mounting «;vid«!nce to consider that an "active"' environment (including active 
parents), rich in learning opportunities, stimulates the child to probe and learn. A 
passive environment seems to reduce exploration. On this, see Sandra Scarr and 
Kathleen McCartney (1983) How people make their own environments: A theory 
of genotype-environment eff'ects. Child Development, 54, 424-^435. 

5. Mind and nature- A necessary unity (New York. Bantam Books) For a 
more extensive view of the nature of scientific "knowledge," "truth," even "accu- 
racy,'* see Thomas S Kuhn (1970) The structure of scientific revolutions (2nd 
ed ), (Chicago: University of Chicago Press), or W. 1. B Bevendge ( 1 957) The an 
of scientific investigation (New York: W W Norton) 
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Part II 

Purpose and 
Principles 



The Educating and Schooling 
of the Community of iVrrisans 
in Science 



A. Harry Passow 



More than three decades ago, Dacl Wolfle, wriiing for the Commission on 
Human Resources and Advanced Training, observed, 

The nation as a whole profits from the fact that some people possess the ability 
to design a dam, to plan an automobile production line, to isolate an antibiotic, to 
conceive an atomic power plant, to develop high-yield hybrid corn, to compose a 
symphony, to settle a labor dispute. 

Creative and imaginative people neither work alone nor in a vacuum: Each 
builds upon the work of his predecessors; each is dependent upon industrial 
workers, maintenance crews, farmers, clerks, and technicians; each is nourished 
by a favoi^Me climate, rich natural resources, and a tradition of freedom and 
initial initiative. But after all he other credits are properly assigned, the nation 
still owes much to a small group of abie men (and women), men (and women) who 
play a critical role in scientific, industrial, technological, and cultural develop- 
ments. (1954, p. 1) 

Two overarching purposes of education and schooling in a democracy arc 
the fullest development of individual potential and the nurturance of special- 
ized talents to fill society's need for creative, imaginative, productive individ- 
uals. The two purposes are, of course, closely interrelated. The impact of 
science and technology on society's needs for specialized talent are so well 
known that no elaboration is required here. As specialization breeds new 
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specialization, society's need for educated, creative scientists and technolo- 
gists grows exponentially. 

To fulfill these two purposes, the task schools and other educating institu- 
tions face is to create the environments and the conditions that will enable 
individuals to identify and understand their potential for outstanding perfor- 
numce in an area of specialized talent and to develop the knowledge, skills, 
insights, understandings, and values which will enable individuals to recog- 
nize and realize that promise — for personal self-actualization as well as to fill 
society's needs for specialized talents. Talent undeveloped has a significant 
impact on both self nd society in terms of personal self-actualization and 
service to society. The dual consequences of unrealized potential are a loss in 
personal fulfillment with accompanying frustrations and a loss to society of 
the high-level performance that comes from developed and utilized talents. 

*Tinished" scientl<:ts, mathematicians, and technologists are not produced 
in elementary and secOi:<lary schools since postsecondary and even graduate 
study is essential for the development of most specialized talents. Rather, 
what such programs do is to activate and motivate the commitment and the 
development of knowledge, skills, and affective behaviors that contribute to 
nurturing such talents. In a sense, such programs start the individual from 
potential talent toward the development of talented performance. 

Each area of specialized talent contains the knowledge, content, and 
substance of a discipline; its special methodologies and processes; and its 
modes of problem definition and inquiry. All of these, along with the exercise 
of creativity, innovation, an^ originality, are essential ingredients of talented 
performance. It is in the creation of a total educational environment that a 
community of artisans in science emerges as a source for identifying and 
nurturing talent potential. 



Four Curriculums and the Learning Environment 

A curriculum is an instructional plan, a set of intentions to provide opportu- 
nities for learning engagements and to create an environment within which 
such learning will occur. All children and youth participate in what can be 
thought of as four curriculums: (a) a general education curriculum, (b) a 
specialized curriculum, (c) a subliminal/covert curriculum, and (d) a 
curriculum of nonschool educative settings. Together, these four curricu- 
lums constitute a learning environment. They are not discrete, separate, or 
unconnected. Rather, they are interactive and interconnected. 

The general education curriculum, which provides the base on which 
specialized talents can be nourished and nurtured, is aimed at developing the 
knowledge, skills, insight^*, and attitudri needed by all individuals if they are 
to participate effectively in socittv. At the most basic level, this curriculum 
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fosters the skills of literacy, numeracy, and citizenship and contributes to the 
development of higher-order thinking and Icaming-how-to-leam skills. 

This general education curriculum provides the substantive cognitive and 
arfcctive content and processes needed to help a person function effectively 
in a complex society and builds the foundation for nurturing specialized 
capacities. No matter how great an individual's potential is for superior 
performance in mt area(s), he/she must acquire the basic knowledge, 
skills, and attitudes needed for further learning if that potential is to be 
realized. The general education curriculum provides the common thread of 
humaneness which ties together the potential poet, scientist, mathematician, 
musician, and others with specialized talents. Planning for this curriculum 
takes into account those individual characteristics that affect rate, breadth, 
depth, nature, and quality of learning. 

The specialized curriculum is aimed at providing learning engagements 
and opportunities that will enable the individual to acquire the skilb, knowl- 
edge, insights, values, and understandings needed to recognize and to nur- 
ture his/her potential. David C. McClellan<*, Alfred L. Baldwin, Urie 
Bronfenbrenner, and Fred L. Strodtbeck (1958) observed that "we still know 
far too little to be confident about how to develop talented performance out 
of talent potential" (p. 24). Nevertheless, we can be reasonably confident 
that an individual is not very likely to become a productive scientist without 
studying science, acquiring appropriate laboratory and computer skilb, un- 
derstanding the basic natu'e of scientific inquiry, developing competence in 
related disciplines, conmiitting one's self to science, and practicing the 
behaviors of scientists by "doing science." The specialized curriculum is the 
one in which the individual has opportunities for the depth and breadth of 
study in an area of talent, hopefully where he/she will be introduced to the 
advanced training and inspirational teaching or role models needed to de- 
velop potential into performance. 

The covert/subliminal curriculum is that which emerges from the climate 
or environment created in the learning setting. Self-concepts, values, atti- 
tudes, ideas about excellence, willingness to pursue particular lines of in- 
quiry, task commitment and perseverance, and other affective and cognitive 
behaviors arc some of the things which students learn from each other and 
from the classroom and school environment as well as the larger community 
of learning. The classroom and school climate, the interpersonal relations, 
the transactions, formal and informal, which take place are all powerful 
mediators of affective and cognitive growth. Moreover, this climate has a 
strong impact on student engagement with more formal or structured learn- 
ing. Whether, to what extent, in what ways, and how committed students will 
be in engaging in or designing learning opportunities depends on the climate 
created for the pursuit of excellence. The classroom, school, and community 
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environments have a profound effect on student motivation, involvement, 
and performance. 

Education and socialization take place in m:iny diflferent settings with 
student cognitive and affective growth acted upon by the formal and infor- 
mal, struciured and unstructured learning, which makes up the fourth 
nonschool curriculum and which takes place in many extra-academic institu- 
tions and agencies — instruction that goes on in the many nonschool educa- 
tive institutions and agencies. These learnings are brought into the school 
and influence school curriculums — or should do so. The family's and com- 
munity's values affect which talents are valued and supported. And there are 
many human and material resources in the community which can be used to 
enrich learning opportunities. Community-centered, experience-based learn- 
ing extends the classroom, making the entire community a learning environ- 
ment. 

Thus, nurturing individual potential is a process not restricted to a set of 
courses provided in a classroom but involves the creation of a total learning 
environment in classroom and school as well as in nonschool settings, begin- 
ning with the family and extending into the community and beyond. It is in 
such a context that a conununity of artisans in science is created, schooled, 
and educated. 

Creating a Total Learning Environment 

The task for educators is the creation of an environment which will help 
students engage in learning activities to identify their talent potential, stimu- 
late their pursuit of activities that will nurture this potential, and provide 
opportunities to practice behaviors associated with superior performance in 
those areas of talent. Basically, what is needed are the channeling or aug- 
menting environments described by Paul E Brandwein (1987) which "excite 
the young to pursue an interest" (p. 34). Such environments will be rich 
enough and sufficiently engaging that youngsters, by their products and 
their performances, will identify their potential talent. 

There are a variety of programs and procedures used to identify "gifted 
students**; processes that go beyond testing for general intelligence and even 
specific aptitudes by providing opportunities for identification through per- 
formance are probably most productive. Environments that link enriched 
learning opportunities with identification procedures are most likely both to 
discover and nurture talents. 

Developments in science and technology make an understanding of their 
nature and impact on society an imperative for all citizens, but especially for 
those whom we believe are gifted or talented.* Not all gifted students have 



*1 am here using these adjectives virtually synonymously. 
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the potential, interest, and/or motivation to become scientists or technolo- 
gists, but all need an understanding of the nature, meaning, and methods of 
science, if they are to function in a postindustrial society. All gifted students, 
whether or not they eventually become productive scientists, should have a 
basic grounding in science as an integral component of a sound general, 
liberal education. 

All need to acquire basic concepts, ideas, and relationships which consti- 
tute the structure of science as a discipline. All need to understand the 
methods of inquiry appropriate to science. All need to understand the nature 
of scientific Ic'owledge, to learn how new knowledge is generated, and to 
recognize the sources and bases for extending such knowledge. All need to 
understand the interactive relationships of science with other aspects of 
culture and society. All need to recognize and appreciate the aesthetics 
of science, its form and beauty, as well as the elegance of its solution of 
problems. All need to comprehend the significance of values and morality (or 
lack thereof), which affect and are affected by science. All need to develop 
inquiring minds and learn how to raise questions and define problems worth 
pursuing. 

In sum, the knowledge, insights, understandings, attitudes, and values of 
science and technology, which should be an integral component of the 
general education of all children and youth, have a particular significance for 
that of those with the characteristics and behaviors that lead us to believe 
they have potential for outstanding performance in socially valuable areas — 
that is, those we would label as ^fted or talented. 

Those students who manifest the special interest, motivation, creativity, 
critical judgment, high intelligence, and other indicators of potential for 
becoming productive, practicing scientists need opportunities to develop 
their areas of specialized talent. These opportunities should go beyond the 
science-technology education experiences provided all gifted students. Stu- 
dents with special talents in science — some latent and some manifest— need 
differentiated, appropriate educational experiences in particular contexts or 
settings. 

While we do not have an absolutely precise fix on scientific potential and 
how to nurture it, studies of scientists and their development over a period of 
years suggest some common characteristics. Some years ago, Charles C. 
Cole, Jr., summed up our insights concerning scientific ability as follows: 

What makes for good scientific ability? Here again we are dealing with a 
complex subject. First, there is reason to believe that scientific ability is a function 
of high general intelligence. Second, whether it is a special ability that is inhented 
or one acquired and nurtured through opportunities has never been clearly demon- 
strated. Third, it is easier to identify what accompanies scientific ability than to 
describe it itself. Scientific ability is linked with unusually good ability to handle 
spatial concepts, sound judgment, strong powers of inductive reasoning, a cenain 
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fluency of ideas, good memory, and a quality that might be called a special kind of 
stick-to-it-tiveness. The ability to be intellectually and emotionally self-reliant, or 
"inner-directed," to use Rie<man's term, seems to accon-i^iany good scientific 
ability Other than that, few people seem really to know what scientific ability is. 
(1956, p. 25) 

Cole*s statement about "good scientific ability*' was based, in part, on 
Brandwein's earlier working hypothesis: "High-level ability in science is 
based on the interaction of several factors— Genetic, Predisposing, and 
Activating, All factors are generally necessary to the development of high- 
level ability in science; no one of the factors is sufficient in itself" (1955/ 
1981, p. 12). Included among Brandwein's genetic factors were high verbal 
and mathematical ability and adequate sensory and neuromuscular control. 
His predisposing factors included traits he called persistence— ^ willingness 
'*to labor beyond a prescribed time ... to withstand discomfort ... to face 
failure" — and questing— dissatisfaction with present explanations of as- 
pects of reality'' (p. 10). Brandwein's activating factor included '*opportuni- 
ties for advanced training and contact with an inspirational teacher" (p. 11). 
Most of these factors" are not ones that lend themselves to precise measure- 
ment by paper-and-pencil tests and, consequently, Brandwein proposed an 
q)erational approach — one which created an environment that would facili- 
tate self-identification by offering opportunities for students to demonstrate 
their abilities, persistence, and questing through their performance and 
products, and one that would generate activating factors. Brandwein's anal- 
ogy puts this operational approach in clear perspective: 

The Operational Approach is more like a training cai.ip for future baseball 
players. All those who love the game and think they can play it are admitted. Then 
ihey are given a chance to learn how to play well under the best "coaching" or 
guidance (however inadequate) which is available in the situation operating. No 
one is rejected who wants to play. There are those who learn to play very well. 
Whether they can play well (in the big leagues) is then determined after they have 
been accepted into the big leagues (college and graduate school), (p. 23) 

In a study focusing on the nature and nurture of exceptionally gifted 
persons who eventually excelled in their careers, Sidney L. Pressey (1955) 
observed that all such individuals seemed to have had (a) excellent and eariy 
opportunities for abilities to emerge and to be encouraged by families and 
friends, (b) access to early and continuing individual instruction and guid- 
ance, (c) opportunities for regular and sustained practice in their areas of 
giftedness together with opportunities to progress and develop at an individ- 
ualized pace, (d) participation with other performers (not necessarily of the 
same ability) which provided a basis for continuing and stimulating relation- 
ships, and (e) stimulation by frequent and increasingly strong opportunities 
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for success (pp. 123-129). Prcsscy's observations, which underscore the 
importance of environmental influences and climate for nurturing talent, 
also have implications for the design of a learning community for students 
with potential for becoming scientists and technologists. 

Creating a Learning Community 
for Potential Scientists 

The elements of a design of a leamirg community include opportunities for 

• acquiring the basic skills and tools for learning 

• systematic study of both basic an^. advanced knowledge in science 

• developing the skills needed for designing inquiries into real problems of 
science 

• studying current developments and froniier areas in science and technol- 
ogy 

• understanding the nature of science and scientific inquiry 

• designing and conducting independent study projects 

• interacting with peers in seminar and laboratory situations and developing 
the concept of an inquiry team 

• making meaningful contacts with specialists and settings where science 
and technology are practiced 

• experimenting with ideas and things 

• reflecting on the often conflicting values of the impact of science on 
society 

• developing the motivation and commitment to engage in the involved and 
complex tasks of science inquiry 

• becoming connoisseurs regarding the nature of excellent performance in 
science 

The design of a learning community is concerned, then, with access to 
knowledge, insights, and understandings; with the development of skills and 
processes; with the evolution of values and attitudes— all within a climate or 
environment that nurtures and rewards excellence, that is, superior perfor- 
mance and products. Such an environment will become increasingly ad- 
vanced and complex as students mature and grow. It will be a continuous, 
articulated program. As part of their general educational experience, the 
potential specialists in science and technology will participate in many of the 
learning engagements with other youngsters. Other environments, however, 
will be designed to enable the potential scientists to go as fast, as far, a& deep 
as they are capable of and are willing to invest their energies and time. This 
learning community will call for a demonstration of commitment to science 
in the area which students wish to pursue, but evidence of that commitment 
will not be sought prematurely, nor will students be precluded from demon- 
strating it at any point in their developm^^nt. 
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A program for identifying and nurturing those youngsters who are poten- 
tial scientists and technologists must begin early and continue through the 
secondary school years. Such a prosgram must aim at creating a teaching- 
learning envirorunent in which children and youth will, by their performance 
and their products, have opportunities to demonstrate those traits and 
characteristics which studies and experience have tau^t us to associate with 
giftedness or the potential for outstanding performance. Such an environ- 
ment provides opportunities for self-identification and, at the same time, 
nurtures aptitudes and abilities: Identification, enrichment, and nurturance 
are interacting processes, each contributing to the other. 

Paper-and-pencil tests, inst.uments which give youngsters some chance to 
demonstrate their problem-solving abilities, have generally recognized basic 
limitations. Providing students with opportunities to interact with concepts 
and ideas, materials and problems, gives them opportunities to demonstrate 
their potential by actual performance. In this way, they contribute to self- 
identification and indicate their needs for more complex, more advanced, 
more challenging experiences. They arc provided with one of Prcssey's con- 
ditions, namely "excellent and early opportunities for abilities to emerge and 
to be encouraged" by teachers, peers, families, and others. 



DiflFerent Goals for Different Ages 

At the element':i*y school level, the aim is not to dete* ..c which youngsters 
will become scientists and which o les will not. Rather, such programs should 
provide the kinds of experiences which will enhance student interest and 
stinmlate understanding of the meaning and importance of science. Such 
programs should embody the excitement, challenge, and discovery of mod- 
em science, creating a setting in which students will begin to understand 
their owi abilities and aptitudes and will begin to manifest such potential 
throu<*h their performances and their products. 

Science programs at the presecondary level should begin to provide access 
to the substantive 'intent and processes of "real" science in a way that 
challenges childrc and begins to lay the g>t>undwork for iiore complex 
future understanding. As Lorraine Daston puts it elsewhere in this volume, 
"World wews begin with in-the-fingers knowledge." Young students are 
ready to explore basic concepts and principles which constitute the structure 
of science disciplines in an intellectually honesi fashion. With access to 
television programs, toy laboratories, books, and all types of do-it-yourself 
kits, today's yov ^sttrs are ready to begin systematic, serious study of 
science at eariier ages than ever before. Students need guidance in terms of 
what they read and what they view so that they come to appreciate what 
constitutes the challenges for science and technology 'n the world which 
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^.surrounds them. Early on, students need to Icam that they can satisfy their 
curiosity by their own efTorts. Access to knowledge should not be restricted 
by artificial barriers, particularly those of grade levels. Students must be 
f icouraged and enabled to study and explore areas and problems of interest 
to them and must be helped to understand the difference between depth and 
superficiality, between science and glitter. 

Students need opportunities to engage in activities and undergo experi- 
ences which will help them to understand the nature of science— its dynamic 
characteristics ("Its laws, its findings, and the raw materials of its investiga- 
tions are ever accumulating."); its human element ("Science is not an imper- 
sonal subject consisting of accumulated facts with no reference to the human 
and his(/herj intellect or values . . . "); its increasingly cooperative aspects 
("The single scientist working alone is being replaced by interdisciplinary 
research teams and group efforts."); and its inevitable expansion and move- 
ment in new directions (Cole, 1956, pp. 4-6). This recognition about the 
nature of science calls for revision of most current curricular designs and 
instructional strategies which, while questionably appropriate for transmit- 
ting knowledge and facts, are totally inappropriate to developing insights and 
understandings concerning the dynamic disciplines which constitute science 
and technology. 



Schools for Those Who Might Do Science 

As students identifying themselves as having a special interest, motivation, 
and potential in science mature and mo"'* ♦hrough the program, thry should 
have access to the disci)>lines and the discipline? of science at increasingly 
more complex, more abstract, more advanced levels. They should be pro- 
vided with opportunities to examine the relationships among sciences and 
interrelationships between science and other disciplines. Their study oppor- 
tunities should offer both acceleration and enrichment as appropriate. At 
times, they will be ready for experiences at an earlier age or at a more rapid 
pace than is average. At other times, the instructional opportunities .vill 
enable such students to engage in learning experiences of greater breadth 
and depth than those of their peers. Acceleration and enrichment, both 
necessary parts of adequate and appropriate experiences for able learners, 
are complementary, not conflicting instructional strategies. 

Students should learn how to explore topics using interdisciplinary ap- 
proaches in order to understand how science may often be both part of the 
problem and of the ^.olution. They should become sensitive to the values and 
moral issues posed by i^evelopments in science and technology. All of th^s 
requires making available basic courses to provide the foundation for knowl- 
edge and understanding, fcilowed by ad.anceo courses in science and tech- 
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ndogy, which deal with \vhat Jerome Bruner (1961) called the "structure of 
the discipline" while constantly raising issues df values and meaning and 
placing the ideas and principles in a broad interdisciplinary context. 

A science program for identifying and nurturing potential scientists and 
technologists will provide a variety of structures — courses, laboratories, sem- 
inars, etc. For some, instruction through seminars and colloquia is better 
^Jian the traditional lecture and laboratory structure. An appropriate balance 
needs to be developed between two basic approaches to learning: individual 
and independent study, on the one hand, and cooperative learning situations 
and group activities, on the other. Independent study has long been a staple 
in programs for gifted students, providing opportunities for individuals to 

• learn how to phrase questions and define problems 

• use past experiences in the solution of new problems 

• identify resources needed for problem solution 

• test possible solutions and to acquire meanings from problem solving 

But gifted students also need to learn how to participate in a team or 
cooperative eiforr at problem definition and solution, acquiring the skills 
needed to function effectively in a research team. These experiences also 
contribute to a sense of conununity for a community of artisans. 



The Hidden Curriculum 

Such programs must not neglect the hidden or subliminal curriculum. 
Within the school itself and beyond the school into the larger society, the 
subliminal curriculum is the climate, environment, and "feeling tone** that 
nurtures those affective and cognitive behaviors that contribute to engage- 
ment in and conunitment to science in society. One does not have to look too 
far back to recall times when science and technology were viewed largely 
with suspicion. Abraham J. Tannenbaum (1979) has illustrated this paradox- 
ical situation by describing Barry Commoner*s acknowledgment in Science 
and Survival (1969) of the need for brainpower t^ enrich scientific thinking 
along with the warning that "no scientific principle can tell us how to make 
the choice, which may sometimes be forced upon us by the insecticide 
problem, between the shade of the elm tree and the song of the robin** 
(p. 21). Tannenbaum noted that scientists can become "tarnished*' if they 
fail "to take account of their human consequences** (p. 21); one result being, 
perhaps, that fewer able students study science and consider careers in 
science. Science educators need to deal with and help potential scientists to 
study and grow in understanding of the continuing dilemmas posed by 
scientific and technological developments in almost every area of society so 
that the students will become sensitive and ready to tackle these issues. 
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Alexander Taffel (1987) has written of "a school ambience in which the 
mutual stimulation of the students themselves is a major ingredient*' (p. 22). 
He recounts that a Nobel Prize winner who graduated from the Bronx High 
School of Science reported that he had been influenced there by his fellow 
students who "were always into something new and i:* ^ resting" as much as 
by the formal curriculum. The alumnus reported: "Before long, the rest of us 
were into the same things. The place was a beehive of activities and ideas" 
(p. 22). It is the conscious development of this climate, which stimulates and 
nurtures a "beehive of activities and ideas," that is critical in the develop- 
ment of a community of artisans in science. 

Taifel observes that "Clearly a vital element ... Is the ambience created 
by the interaction of students with each ether, and every opportunity to 
facilitate and encourage should be exploited" (p. 22). Student interactions 
are important in creating this essentia' ambience or feeling ione, but there 
are other elements within both the school and the community— opportunities 
for interaction regarding science ideas and developments with teachers and 
other adults; access to laboratory resources and places "to do" science; 
availability of library resources with advanced-level materials; opportunities 
to participate in seminars and competitions (individual and group); and 
avenues for sharing, communicating, and critiquing individual and group 
investigations. 

Perhaps the most critical element in the creation of a learning environ- 
ment which encourages and nurtures future scientists and technologists is 
the teacher— that is, the teacher broadly conceived as adult role model. As I 
wrote over 30 years ago, 

... the key to an elTective program lies in the quality of the teacher If the teacher 
is inspired and inspiring: if he/she undcat cwnds the meanings of science and the 
relationships of science to the world 'n which wc live; if he/she is flexible and 
makes possible the flexibility needed for adequate programming; if he/she en- 
courages individual excellence and devotes the time and effort required to guid' 
the student to locafs ncccssi^ry resources, if he/she is sympathc tic to rapid learn- 
ers and their particular needs, if he/she knov»3 science and its techniques; if he/ 
she is willing to adapt his/her leaching methods to stimulate problem solving— 
then the teacher has the attitudes and comp :nc which constitute "good qual- 
ity." (1957, n. lU) 

At about the siime time. Cole (1956) stressed the importance of the 
teacher in encouraging the shaping of future scientists and technologists: 
"The teacher . . . who can ignite that spark of interest in the talented, who 
can make his[/hcr] subject live ii? the minds of his[/her] pupils, and 
who ... can stimulate, fascinate and inspire; he [/she], in the final analysis, 
is the one who can mos. effectively encourage scientific talent" (p. 21). 
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The creation of a tou^^learning environment— one which provides students 
with the opportunities and resources that will stimulate their engagement in 
activities Icaduig to the acquisition of knowledge, undersUnding, skills, pro- 
cesses, attitudes, values, and other behaviors ai increasingly advanced and 
complex levels— is at the center of the task of educating and schooling of the 
cmmnunity of artisans in science and technology. In a real sense, it is the 
learning environment that constitutes the "community" in which students 
arc self-actualized. Here, they come to understand their own potential for 
becoming scientists and technologists by involvement with their peers and 
mentors in a variety of increasingly complex engagements with the knowl- 
edge, substance, and content of science and technology; here, they learn the 
processes and methods of science and technology; here, they experiment with 
the modes of problem definition and inquiry. These engagements occur not 
just in the formal course structure (which is, of course, very important) but in 
the climate of the classroom, school, and community and in the formal and 
informal transactior.s — powerful mediators of cognitive and affective 
growth — which take p^ therein. 
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Probing Giftedness/Talent/ 
Creativity:* Promise and 
Fulfillment 



Abraham J. Tannenbaum 



The power center for giftedness is the brain, which controls both the magni- 
tude and diversity of indiviilual potential. It can transport an Einstein into 
heights of abstraction and a da Vinci into flights of creativity that are so far 
beyond ordinary accomplishments as to seem truly wondrous. It can also 
generate nearly endless traces of genius, ranging from the esoterica of 
plasma physics through the aesthetic and engineering beauty of the Taj 
Mahal, to the magical cadences of a Miltonic sonnet, the sublime sounds of 
an Eroica Symphony, the gustatory delights of gourmet cooking, the intrica- 
cies of Oriental knot designs, and on and on into every possible domain of 
individual activity. 

But whereas the psyche, that is, a person's mental or physical structure, 
especially as motive force, determines the existence of high potential, society 
decides on the direction toward its fulfillment by rewarding some kinds of 
achie>cment while ignoring or even discouraging others. Rare brainpower 
has to fit its own Zeitgeist (i.e., :;pirit of the age) in order to be recog- 
nized and appreciated. There also has to be a match between a person's 
particular talent and the readint^: cI society to recognize it. Otherwise, 
genius may remain stillborn or mature to serve an unappreciative public that 
may regard it either as passe, if it is a throwback to an earlier period, or as too 



I an: using these terms virtually synonymously unless otherwise indicated. 
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avant-garde, if the times are not ready for it. There is always room to 
speculate whether Einstein would have been able to make a contribution to 
theoretical physics, or whether the scientific world would have been xady 
for his kind of contribution, if he had been bom only half a century earlier. 
Would he have been capable of creating any spectacular theories at all if he 
had been bom in 1950, and others had formulated the theory of relativity 
ahead of him? This is pure conjecture, of course, but clearly evident is the 
fact that gifted individuals who achieve great breakthroughs in the worid of 
ideas do not operate simply as free spirits detached from the temper of their 
times. 

By the same token, scientists affect the world in general r> - well as their 
own professional domains. For example, Robert Goddard*s pioneering ex< 
periments with rocketry in the early part of this century eventu^.lly revolu- 
tionized ordinary people's long-^listance travel habits, scientists* methods of 
space exploration, and nations' ways of making war. These developments, in 
turn, helped create a political climate in which U.S. space scientists are once 
again being pressured to catch up with their Soviet counterparts, who are far 
ahead in establishing spa«;e stations as bases for exploring distant planets 
(Wiiford, 198?). Shades of the post-Sputnik fever in American science and 
society more than 30 years ago! It is quite evident, then, that scientific 
creativity changes the world and that the changed world pressures or be- 
comes a fertile ground for new kinds of scientific creativity. This reciprocity 
between the distinguished human mind and the general human environment 
exists not only in science but probably in every discipline. As for the 
''chicken/egg" quc tion, who cares what set the cycle in motion, as long as 
seminal thinkers aj?d the societies in which they live are mutually enriching? 



Early Promise 

Despite diff*erences in orientation as to the meaning of giftedness, psycholo- 
gists do iK>t hesitate to look for signs of it in children because of the assump- 
tion that precocity among the young is a fairiy valid forerunner of their 
future success. Still, a distinction has to be made between promise and 
fulfillmtnt. 

Work accomplished during a person's maturity can be evaluated by objec- 
tive standards if its aim is very specific: For example, if one's goal is to 
prevent rejection of transplanted human organs, one either succeeds or fails. 
Or if one creates a product, it can be subjected to critical review, as in the 
case of poetic composition, to determine whether it deserves to be dissemi- 
nated and treasured. Not so with children's achievements. Children identi- 
fied as potentially gifted would mostly fail to qualify for renown if they were 
judged on the basis of universal criteria (except in the rare instances of a 
young Mozart or Mendelssohn). Instead, the young have to be compared to 
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others of their age for early signs of talent that is amenable to nurturance and 
that promises to grow in the future. 

Since there can never be any assurance that precocious children will fulfill 
their potential, defining giftedness among them is necessarily risky. One set 
of criteria may be ineffective because it excludes too many children who may 
grow up to be gifted; other qualifying characteristics may prove inefficient 
by including too many who turn out to be aveiage in most respects. There is 
inevitably a trade-ofT between effectiveness and efficiency, and educators 
invariably should opt for a definition that enables them to cast the widest 
possible net at the outset to be sure not to neglect children whose high 
potential may be all but hidden from view. 

Keeping in mind that a child's brilliance usually cannot compete with that 
of an adult but often foreshadows later stages of excellence, giftedness in 
children is therefore a shorthand way of denoting /7(7rfm/a/ giftedness. Poten- 
tial for what? For becoming critically acclaimed in one of two ways, either as 

• performers who render valuable helping services to society or who display 
stage artistry before appreciative audiences or 

• producers of ideas in spheres of activity that enhance the moral, physical, 
emotional, social, intellectual, or aesthet*^ life of humanity 

In one sense, this definition is broadly inclusive, embracing a wide range of 
talents; from another perspective it is restrictive, since there is no place in it 
for rapid learners of existing ideas (i.e., consumers of knowledge) or for 
admirers of great performance (i.e., appreciators of what others can do). 
True, producers and performers are often consumers and appreciators, but 
not necessarily so. 



And Fulfillment 

Those who have the potential for succeeding as gifted adults require not only 
the personal attributes that lodge mostly in the psyche, but also some special 
encounters with the environment to facilitate the emergence of talent. Alto- 
gether, there are five psychological and social linkages between promise and 
fulfillment, all of which interweave delicately as if to form a subtle, complex 
filigree. They include (a) 'superior general intelligence, (b) exceptional spe- 
cial aptitudes, (c) nonintellective facilitators, (d) en 'ironmental influences, 
and (e) chance, or luck (Tannenbaum, 1983). 

The five factors combine in a rare blend to produce great performance oi 
productit^ity. Each of them has a fixed threshold that represents the mini- 
mum essential for giftedness in any publicly valued activity. Whoever 
achieves some measure of eminence has to qualify in all of these standards; 
the person who is unable to measure up to just one of them cannot become 
truly outstanding. In other words, success depends upon a combination of 
facilitators, whereas failure can result from even a single deficit. Further- 
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more, for each of the five intellective, personal, and social-situational factors 
connecting potential with high-level accomplishment, there is also a thresh- 
old level that varies according to specific areas of excellence. 

Thus, for example, the talented artists of Jack Getzels* (1979) sample 
wre able to demonstrate their exceptional talent in various art forms even 
though their general academic abilities were no better than most other 
college students'. On the other hand, without high academic promise, no 
college students could become as distinguished as the creative scientists 
Anne Roe studied (1953). It is reasonable to speculate that the I()s, along 
with cpatial and scientific aptitude thresholds, are different for artists and 
for scientists. Those who fail to measure up to any of these minimum 
essentials for their respective fields of endeavor never compare with the 
populations observed by Getzels and Roe. By virtue of its "veto" power, 
then, every one of the qualifiers is a necessary requisite for high achieve- 
ment. 



General Ability 

General ability can be defined roughly as the g factor, which is itself defined 
roughly as some kind of mysterious intellectual power common to a variety 
of specific competencies. The g factor, reflected in tested general intelli- 
gence, figures on a sliding scale in all high-level talent areas. This me?r.s that 
different threshold IQs are required for various kinds of accomplishment, 
probably higher in academic subjects than, for example, in the performing 
arts (cf. Getzek, 1959). There is no basis for making extreme assertions 
about the IQ, Jther discounting its relevance to giftedncss entirely or claim- 
ing that all those destined to become great producers or performers in any 
area of humaki activity need to score at the 99th percentile or better. Instead, 
positions along this continuum should be adjusted according to the talent 
area, which means taking a stance closer to one extreme for some kinds of 
giftedness and nearer the opposite extreme for others. 

There is reason to suspect that, as scientific knowledge accumulates and 
inventions become more and more sophisticated, the threshold IQ has to be 
high in order to qualify a child as a potential producer of certain kinds of 
ideas. In a large study of intergencrational gains in IQ in countries where 
such data are available, J. R. Rynn (1987) found that present-generation 20- 
year-olds in Holland scored about 20 points higher in IQ than did their 
counterparts some 30 years earlier. 

Both groups were compared on the same test, using the same norms. An 
increase of such dramatic magnitude means that those with IQs of 150 and 
above have increased proportionately a factor of almost 60 from the 
previous to the current generation. Yet, the number of patents granted has 
actually diminished, with the 1980s showing orJy 60 to 65 percent of the 
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yearly rate for the 1960s. To the extent, therefore, that IQ figures in the 
inventive mind, it appears that the abstract-thinking abilities measured by 
such instruments have to be even more sophisticated to qualify a child as 
potentially gifted today than a generation ago. 

The relative importance of iQ in the sciences, as compared to other 
occupations, is also noteworthy. In sobering essays on the use of tests to 
forecast various kinds of performance, David C McClelland (1973) and 
Michael A. Wallach (1976) argued that measures of human potential have 
been validated on success at school but tell us little about accomplishment 
after graduation. The usual supportive data provided by test manuals pertain 
to classroom-type performance, and the evidence is often impressive. But it 
means little from a lifetime perspective, except that those who excel scholas- 
tically have a bctter-than-average chance of achieving well in some unspeci- 
fied high-level work in adulthood. In other words, no existing battery of 
measures can predict with TPuch confidence (1) who will qualify for what 
occupation and (2) how those who manage to qualify will perform at their 
jobs. Yet, in Roe*s study of creative scientists, she found median IQ sccres, 
or their equivalents, well beyond the 99th percentile. This does not mean, of 
course, that every child, or even most children, with a high IQ is destined to 
excel in science or enter a science field. But as Jonathan R. Cole (1979) 
points out, measured intelligence figures in the careers of scientists in spe- 
cific ways. Its association with the status of a person's occupation is greater 
than father's background, father's education, or family size. Although it is 
not a viul factor in forecasting the initial placement of a scientist in the 
prestige hierarchy of the profession, it is of critical importance later on. After 
the scientist's first job, IQ correlates with positional recognition, regardless 
of first-job prestige, educational background, and scholarly performance. 



Special Aptitudes 

Some educators assume that specialized abilities in science and in other 
fields do not begin to develop until adolescence. Therefore, elementary 
education should consist of a smorgasbord of subjects, taught by generalists 
in self-contained classroon:s, and no content area should be emphasized more 
than others. Unfortunately, behavioral scientists have rarely investigated the 
cognitive structures or processes of children who excel in a single area of 
study. 

A notable exception has been the work of Gerald S. Lessei, F. B. Davis, 
and L. Nahemow (1962), who constructed a test to assess children's mastery 
of previously learned science material and also their ability to combine 
elements into principles and to apply "the scientific method." The instru- 
ment addressed itself to the following behavioral objectives: 
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1. Ability to recall information: knowledge of 

a. scientific vocabulary 

b. scientific principles 

c. tools and scientific instruments 

d. the natural environment 

2. Ability to assign meanings to observations 

a. formulation or verbalization of a principle to explain an effect 
described 

b. identification of crucial elements of a problem 

3. Ability to apply new principles in making predictions 

a. utilization of available information in novel situations 

b. utilization of a scientific principle in a familiar situation 

c. analysis of the factors influencing predictions 

4. Ability to use "the scientific method": planning steps leading to a 
solution 

Lesser and his associates administered the test to 58 third graders at the 
Hunter College? Elementary School. The children ranged in age from 6 years, 
9 months, to 7 years, 9 months, and their Stanford-Binet IQs ranged from 
136 to 171, with a mean score of 151.4. The predictive vaUdity of the Science 
Aptitude Test proved to be extremely high when correlated with a battery of 
seven science achievement tests, in fact, the aptitude scores were much 
better predictors of the children's accomplishments in science than were the 
IQs. It would therefore seem that at some point— perhaps somewhere in the 
upper 2 percent of the IQ distribution— there is a threshold beyond which 
IQs are no longer predictive of achievement in science, at least in the 
elementary grades. Much more has to be known about special aptitudes and 
the different branches of science before determining to what extent these 
tested abilities reinforce the predictive validity of IQ. 

There arc also auxiliary aptitudes that somehow seem to relate to high 
achievement in science, not only in the school years but also beyond. Camilla 
Persson Benbow and Lola L. Minor (1986) conducted a follow-up study of 
1,996 seventh and eighth graders who qualified for special acceleration 
programs in mathematics on the basis of their scores on Scholastic Aptitude 
Tests (SATs) (verbal and mathematics portions). At the time of rctesting, 
over 90 percent of Uie students were freshman in college and 67 percent had 
completed the high school sequence of biology, chemistry, and physics (74 
percent of the boys and 56 percent of the girls). The researchers found that 
the SAT mathematics scores obtoined in junior high school were strongly 
associated with science achievement in senior high school for both sexes. 

Robert S. Root-Bemstein (1987a, 16 March; 1987b) suggests that creativ- 
ity in the sciences is enhanced by creativity in the arts; Gunther S. Stent also 
notes a "commonality" in this volume. As evidence, Root-Bemstein cites a 
long list of famous scientists, such as Louis Pasteur and Lord Lister, who 
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were also graphic artists, Johannes Kepler and Max Planck, who were 
musicians, and J. Robert Oppenheimer and George Washington Carver, who 
wrote poetry. Furthermore, Root-Bcrnstein is convinced tiiat creativity in the 
arts and sciences is so highly correlated that genius in science cannot develop 
in the absence of high-level proficiency in the arts. He therefore posits a 
number of "tools of thought" that are common to both, including 

perceptual acuity, pattern recognition, pattern forming, analogizing, abstracting, 
and imagining also transforming skills: learning to "^see" what a mathemati- 
cal equation looks like, or to '*hear" what data sounds like; or learning to **feer* 
like the molecule or '"act" like the machine that one would like to comprehend. All 
of these skills are absolutely essential to scientific and technological curricula. All 
of them, intrinsically at least, already exirt in the fine arts. (1987a, p. 18) 

Nonintellective Facilitators 

Conceptually, it is easy to distinguish between intellective and nonintellec- 
tive factors in human functioning. One denotes the mental powers and 
processes needed to master or create ideas; the other refers to the social, 
emotional, and behavioral characteristics that can release or inhibit the full 
use of a person's abilities. Problems in separating the psychological domains 
do arise, however, when they have to be assessed. Mental measurement, for 
example, is accomplished inferentially, through tests of performance, which 
are always refracted by nonintellective factors. These traits are integral to 
the achieving personality regardless of the areas in which talents manifest 
themselves. However, it is impossible to tell which of the nonintellective 
attributes are responsible for creative achievement, which are merely associ- 
ated with it, and which are by-products of it. 

Of all personality traits, none has drawn more attention than motivation to 
achieve. Joseph S. Renzulli (1978) counts task commitment as one of only 
three major factors that characterize giftedness, the other two being above- 
average ability and creativity. A strong distinction is made between intrinsic 
and extrinsic motivation by Teresa M. Amabiie (1983), who shows evidence 
that children and adults perform more creatively when the urge to excel 
comes from within rather than from without. It is possible that Thomas 
Edison was exaggerating when he claimed that genius is 1 percent inspira- 
tion and 99 percent perspiration, but nobody would argue that either ingredi- 
ent should be excluded from the mix. 

There are other nonintellrctive ingredients, too. In studies made in the 
1940s and 19SOs of high school students who showed promise in science, 
Paul E Brandwein (1955/1981) found a ''predisposing factor" to comprise 
persistence and questing. (See also Brandwein*s papers in this volume.) In 
one of Lx)uis N. Terman*s (1954a with Melita H. Oden; 1954b) follow-up 
studies of high-IQ children, he attempted to discover why scientists and 
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politicians could not work harmoniously in government by exploring person- 
ality constructs in the two groups that might have led to mutual distrust and 
conflict. His method was to compare high-IQ children who grew up to be 
scientists with those comparably high in IQ who eventually elected to major 
in law, the huoianities, and the social sciences. Since a great deal of data had 
been accumulated on these subjects over the years, it was possible to search 
for whatever developmental difTerences may have existed between the two 
subsamples. 

Of the many variables on which comparisons were made, 108 yielded 
significant difTerences. The first had to do with an eariy and persistent 
interest in science. As 1 1-year-old children in 1922, those who were later to 
fall in the science group were already showing a far higher tendency toward 
interest in science than were those who were to go on to other careers. 
Moreover, the inclinations were still evident 18 years later in 1940, when the 
subjects were already launched on their careers. Even in later years, the 
interest patterns were surprisingly constant. Of the 250 men Terman studied 
who took the Strong Vocational Interest Test as college freshmen and again 
20 years later, few showed appreciable changes in their scores, and such 
changes as did occur bore little relation to the kind or amount of involvement 
in their respective fields in the interim period. 

Furthermore, comparisons between the scientists and politicians on their 
interests in business occupations showed sharp differences, with the political 
group favoring business careers far more strongly than did their scientific 
counterparts. Also, politicians scored higher than did scientists in the need to 
develop informal, wide-ranging social relationships. There were various de- 
grees of social adjustment and social understanding within each group, but 
overall, the scientists Terman studied tended to resemble Roe*s subjects in 
showing relatively little dependency on strong interpersonal ties in order to 
accomplish their work successfully. Commenting on these findings, Terman 
pointed out that physical scientists, engineers, and biologists are the ones 
who do most of the secret research for the government and are compelled to 
operate under rules laid down by a Congress composed mainly of lawyers 
and business executives. Although it would be oversimplifying the matter to 
assume that the difficulties of these contrasting groups in trying to under- 
stand each other are explained merely by their different interests per sc, 
personality factors can be critical in such circumstances. 

Similar findings were reported by Robert MacCurdy (1954) in his survey 
of 600 men and women who had earned honorable mentions or better in the 
Westinghouse Science Talent Search of 1952 and 1953. In this study, com- 
parisons were made between superior science students and their contempo- 
raries in general education who had outstanding scholastic ability. 
MacCurdy found that, with respect to personality, the science students had a 
strong curiosity about causality in relation to natural phenomena. Their 
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thoughts often took the form of daydreaming or mental puzzle solving, and 
they often enjoyed symbolic art and classical music. They tended to choose 
activities that were solitary or nearly so; yet they did not enjoy the roles of 
spectators entertained by others* accomplishments. Preferences for indepen- 
dent activities led them to read science, take nature walks, tinker with 
gadgets, practice photography, and build radios. Typicallv, their experiences 
in high school were scholarly, with much emphasis on scientific problem 
solving. There was also an important place for an inspiring science teacher 
who helped them to determine the course of their professional lives. 

In sum, ther2 may be more than a grain of truth in the way scientists have 
been stereotyped. David E. Super and R B. Bachrach (1957) found consider- 
able research evidence to show that people in the engineering, mathematics, 
and natural science professions tend often to be lonely, socially awkward, 
slightly withdrawn, curiow>, self-disciplined, unemotk)nal, tolerant of others, 
and intensely devuied to their work. Perhaps these traits make sense for 
people engaged in independent scientific inquiry, with all the complex ab- 
stractions and distancing from intrapersonal preoccupations that it entails. 

Environmental Influences 

Human potential cannot flourish in an aiid cultural climpte; it needs nurtur- 
ance, urging, encouragement, even pressure, from a world that cares. The 
child lives in several worlds, the closest being those of the family, peer group, 
school, and community, the more remote including various economic, social, 
legal, and political institutions. These environments all help to determine the 
kinds of talent that society is willing to honor as well as the amount of 
investment it is prepared to make in cultivating them. Societal conditions are 
therefore critical in stimulating the gifted child's pursuit of excellence. 

Conventional wisdom suggests that giftedness thrives best in an atmo- 
sphere of love and support. But some studies (cf. Goertzel and Goertzel, 
1962; and Goertzel, Goertzel, and Goertzel, 1978) suggest that there are 
some children who seem to respond to pressure or even adversity that galva- 
nizes them to fulfill their potential. They succeed, apparently, because of the 
pressures, not despite them. Obstacles that discourage most people from 
achieving somehow challenge a few to "beat the odds" and "make it big." 
Their drive toward excellence may be basically an act of defiance against 
what they consider hostile, inhibiting forces in the world. For most children, 
however, a nurturing and stimulating home environment are indispensable 
not only for maximizing potentialities but also in helping sp^^ify the direc- 
tions they take. 

A supportive peer culture is also important, especially for children who 
need to be accepted by their age-mates. And teachers make a difference, 
despite the belief of many people that talent is irrepressible in some children 
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and impossible to nurture in others. There is evidence to show that elemen- 
tary and high school students in American schools actually improved some- 
/hat in science achievement from ' 970 to 1 983 (Jac<ibson and Doran, 1 985). 
Such gains should be credited, at least in part, to better teaching over those 
years. However, to prepare the best young scientific minds for careers in the 
early part of the 21st centuiy, there will probably have to be some radical 
revisions in teacher preparation and in the design of enriched curricula for 
the gifted. 



Chance, or Luck 

Generally overlooked in studies of the fulfillment of talent are the entirely 
unpredictable events in a person*s life critical both to the r^lization of 
promise and to the demonstration of developed talents. It is not only a matter 
of being in the right place at the right time, although that is important, too. 
Many onforeseen circumstances in the opportunity structure anc in the 
prevailing lifestyle can make a difTtrence in the outlets for gifted performers. 
For example, negatively, a budding medical researcher who is ready to 
achieve a breakthrough in disease control may suddenly and unpredictably 
be distracted by a personal crisis * by tLe lure of a social issue that is 
considered more inunediately rek wjt to human c <ncems. Chance factors 
can also determine the choice of career, as in t* case of a gifted young 
biology student who happens to meet and study with a brilliant, inspiring 
teacher anc makes the most of the opportunity. 

Obviously, chance factors defy systematic characterization, but this 
should not obscure their ^al influence on achievement. In his study of 
personal opportuni^*' ' icrica, Christopher Jencks (1972) suspected that 
luck has at least . ..^ach influence on income levels as does competenc 
John W. Atkinsor ^ 1 978) seems to ascribe all of human behavior and accom- 
plishment to 

two crucial rolls of the dice over which no individual exerts any persona! control. 
These are the accidents of birth and background. One roll of the dice determines 
an individuaPs heredity; the other, his formative environment. Race, gender, time 
and rlace of birth in human history, a rich cultural heritage or not, the more 
intimate details of affluence or poverty, sensitive and loving parents and pec % or 
not, all of them beyond one*s own control, have yielded the basic personality: a 
persp«ctive on tl.v life experience, a set of talents, some capacities for enjoyment 
and suffering, the potential or not of even making a productive contribution to a 
community that could be a realistic basis for self<steem. (p. 221) 

Every biochemist knows how chance factors figured prominently in Sir 
Alexander Fleming's discovery of penicillin. Roughly speaking, the sequence 
of events was as follows: First, he noticed that moldy bread crumbs had 
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accidentally fallen into his culture dish; he then saw that staphylococcal 
colonics residing near it stopped growing; he realized that the mold must 
have secreted something that destroyed the bacteria; this brought to mind a 
similar experience he once had; and he finally postulated that perhaps this 
mysterious ingredient, the mold, could be used to destroy staphylococci that 
cause human infections. It is interesting to note that the **similar experience'* 
Fleming remembered was his sufTering from a cold some nine years earlier, 
when his own nasal drippings accidentally fell on a culture dish, killing the 
bacteria around the mucus. He followed this lead with further experimenta- 
tion but got nowhere until the accident with the bread reminded him of the 
nasal drippings. 

This time he was on to a most celebrated medical discovery. The finding 
was truly serendipitous, but lest it be forgotten, it took the brainpower, 
motivation, training, and hard work of a Sir Alexander Fleming to make the 
most of the lucky sequence of events. One shudders to wonder how long we 
would have waited for penicillin if Fleming had worked in a neater laboratory 
or if he had been more diligent about wiping his runny nose! 



Implications for Identiiication 

From the foregoing discussion, it seems as if the cause of extraordinary 
accomplishment can be described best as resembling some k'/.d of not-so- 
clear, complex, moving target. The number and variety of antecedent vari- 
ables preclude any easy designation of a child as gifted on the basis of a few 
performance measures. And the causes not the same for all kinds of 
"giftedness.** Every area of excellence has its own mix of requisite charac- 
teristics, even though general ability, special aptitudes, ind the 
nonintellective, environmental, and chance factors under which they are 
subsumed apply to all kinds of talent. These factors should be viewed as 
common denominators always associated with giftedness, no matter how it 
manifests itself. Yet, within each of them, the threshold levels, below which 
outstanding achievement is impossible, must adjust tc ' every t icni do- 
main. That adds to the difficulty of making nredictions about the fulfillment 
of a promise. 

Pbtential in ' 'Iren means different things to different people. But no 
matter what the definition, identifying childhood promise has to be counted 
among the inexact sciences, partly because the methods and instruments 
available for the purpose are imprecise. Besides, childhood is usually too 
early in life for talent to be full-blown, so it is necessary to settle for dealing 
with talent-in-the-making and to keep in mind the uncertainties of the future. 
In creating a pool of **hopefuls,** it is best to admit any child who stands a 
ghost of a chance of someday making it to the top of ths world of ideas, Of 
course, many of those "hopefuls" may be really "doubtfuls," but nobody can 
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know for sure in advance which arc which. Bringing into the pool under 
liberal admission criteria the widest possible group uncovers as much hidden 
talent as possible. 

Because there is no foolproof, formal test procedure to identify budding 
research scientists, the best alternative is to engage seemingly qualified 
children in laboratory activity, including some kinds of experiences left out of 
the regular science cun^'culum. Those with potential in science would then 
be those who respond most successfully to the special challenges. Such 
straightforward procedures, practiced frequently and with gratifying results 
in the arts and in sports, arc unaccountably ignored in many other talent 
domains that are of interest to educators. 

Schools should depart radically from the usual two-step, diagnosis-and- 
then-trcat process advocated in medicine and in the education of the 
handicapped. The approach reconmiended here is an oscillating one (not 
vacillating!) between diagnosis and treatment. Not only should the gifted be 
identified and then educated, they should also be identified through educa- 
tion. 1-^ other words, prescribed enrichment becomes a vehicle for identifica- 
tion as much as identification facilitates enrichment, the relationship now 
being reciprocal 

Identification should begin as early as possible in the child's life, and it 
should go on for as long as possible, because there are always opportunities 
for developing new insights and correcting old errors of judgment. The sUges 
are (1) screening. (2) selection, and (3) differentiation. This sequence goes 
on continuously fo: children not yet screened and also for those who have 
previously not "made it" into the first sUge. 

Screening 

At the beginning, the criteria for inclusion are liberal, and many of the 
instruments used at this sUge assess remote and sometimes farfetched indi- 
cators of potential, not just actual performance at school. The purpose here is 
to include all children who show vague hints of giftedness/Ulent/creativity 
a order to determine later if they possess real potential. To obuin the proper 
kinds of initial infCiination, it is necessary to consult multiple sources, includ- 
ing, but not limited to, the following: 

Evidence of General Ability. I believe that it is more appropriate to rely on 
an IQ-type test in the search for scientific Ulent than in locating other kinds 
of giftedness. At least one standard deviation above the mean should be a 
minimum essential, except when the search is among disadvantaged chil- 
dren, whose performance on such measures is often deficient. For these 
children, it is best to engage in dynamic assessment of potential, in which the 
examiner serves as a participant observer rather thm an objective monitor of 
success at test taking (Feuerstein, 1979). 
Evidence of Special Aptitudes and Addevment Tests of special skills are 
^ useful in assessing children's progress in a few content areas, more so in the 
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sciences than in the arts. Among widely used examples in research and in 
the schools: The Primary Mental Abilities Test, at the elementary level; the 
Differential Aptitude Test, at the high school level; and the Scholastic 
Aptitude Test, at the college entrance level. A serious probleni can arise 
when schools play mostly to the strengths of these kinds of tests and offer 
enrichment programs only to children who can perform well on them. In such 
cases, the instrument exercises inordinate power over the program rather 
than serving its intended purpose as a tool to help implement the program. 

Evidcflce from Noncognitive IVaits. Limitations in the predictive validity 
of perfonnance measures should encourage educators to correct the under- 
v'mphasis on personality variables and behaviors, including self-direction, 
pride in accomplishment, persistence, dedication, efficient work habits, and 
other ^Mits associated with scientific achievement. In the questionnaire 
developed recently by the Bureau of Educational Research and Service at 
the University of Kan;ias for aspiring Merit Scholarship winners, answers to 
the following items distinguished most consistently between the finalists and 
the others: 

• How would you rate yourself in terms of willingness to withstand discom- 
fort (a cold, illness, etc.) in completion of a school task? 

• How would you rate yourself in terms of willingness to spend time beyond 
the ordinary schedule in completion of a given school task? 

• How would you rate yourself in terms of questioning the absolute truth of 
statements from textbooks, newspapers, and magazines, or of statements 
made by persons in positions of authority such as teachers, lecturers, and 
professors? (personal communication, 1988) 

This ki*.id of information can be obtained not only from the children but also 
from their peers, parents, and teachers. A large number of trait lists now 
exist, and although they are not all fully validated for a wide range of talents, 
even the "soft signs" they reveal in the screening stage can be enlightening. 

Evidence of Productivity or Performance. It is important for teachers to 
keep constant records of children*s accomplishments in and out of school. A 
cumulative, file that shows s^ mples and other evidence of such projects may 
reveal unusual potential in a valuable area of work that is not emphasized in 
the cUssroom. One source of such information is often the school, usually the 
home, but not always so. Parents and peers can certainly help to keep a 
child*s record up-to-date, and teachers should be eager to obtain and record 
whatever information can help build a case for high potential in an individual 
child. 

Selection for Science 

After the screening stage, to reduce the pro portion of average children in the 
pool requires shifting from remote indicators to those more clearly in the 
context of the science curriculum. All children in the pool are then given a 
chance to prove themselves in real and simulated enrichment activity and to 
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show how well they respond to the challenge. (This process is an example of 
the "sclf-sclcction" Brandwein recohatiended [1955/1981].) For example, if 
a unit on meteorology is part of a program for the gifted in science, and no 
existing pretest of skills in that subject exists, the only wiy in which to make 
a proper identification is to allow children in the pool to "try out" for the unit 
to prove whether or not they can engage in it productively. This is what is 
meant by an oscillating process between identification and enrichment. The 
special curriculum should not be a privilege for a predetermined group of 
children labeled as "gifted"; it should be initially a testing ground in which 
the gifted in science sort themselves out from children with other interests, 
pretty much as do aspiring athletes in scrimmages in football or basketball or 
prospective actors in auditions. The quality of identification, therefore, de- 
pends to a great extent on the quality of the program as a vehicle for 
observing hopefuls under "game-like** conditions in the talent search. 

In the course of exposure to enricument experiences, a child can reveal 
potential giftedness by a variety of behaviors that can alert teachers and 
parents to monitor the child more closely. These ^^haviors include the stu- 
dent's sophisticated u&e of language; the quality of the student's questions; 
the quality of illustrations or elaborations that the student uses in communi- 
cating an idea; the student^ ability to adopt i systemrtic strategy for finding 
or solving problems and to change the strategy if it does not work; the 
student's innovative use of matenals found in or t of the classroom; the 
student's breadth or depth of information relevant to . ^larticular learning 
experience; the extensiveness of the student's exploratory behaviors; the 
student's preferences for complexity, ^'.iinculty, and novelty in learning tasks; 
and the student's critical view of his or her own performance. These selection 
criteria are more demanding than those used in the screening st^ge, but even 
here mistakes can be made if the procedures are adhered to too rigidly. There 
is still the danger 3f accepting some who do not qualify and of rejecting 
others who do qualify as potentially gifted. It is therefore necessary to refine 
the process further in the next stage, which is the longt asiing of ihe three. 

Differentiation 

The final step in identification is to move to separate the gifted from the 
gifted as well a^ the gifted from the average. This process should continue 
indefinitely, with several sifting and sorting educational activities to help 
along the way. The objective is to begin distinguishing potential mathema- 
ticians from computer programmers, scientists from technicians, physicists 
from engineers, biologists from chemists, and so on. Much depends on the 
breadth and inspirational quality of the enrichment program because the 
gifted need exposure to a variety of opportunities to avoid being loc.^vd into 
an area of specialization too early in life. 
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Thus, progijss is made from the initial screening stage, with its heavy 
reliance on measures that are indirectly related to life in the classroom, to the 
final differentiation stage where if .entificatioa is mainly through the curricu- 
lum itself. If enrichment is continuous throughout the children's schooling, 
differentiation should never really end as long as they are in the program. In 
the last analysis, identification of the gifted is related not only to systematic 
observation and intelligent interpretation of test data but to the development 
of the right kinds of educational enrichment to facilitate self-identification. 
But wh^t are "the right kinds of enrichmeni"? This question, which is 
addressed by mf»ny papers in this voluine, still needs full and varied answers 
based on theory and research in the best scientific tradition. 



One Scientist's Glimpse into the Future 

In his j>pcculation about forthcoming trends in the sciences, Lewis M. 
Branscomb (1986), formeriy chief scientist at IBM and then profei^or and 
director of th^j Science, Technology, and Public Policy Program at the John 
E Kennedy School of Government at Harvard University, observed that, by 
the year 2006, sevc al dramatic changes will have taken place in various 
fields of science. These include at least five major reintegrations of the 
sciences: 

• neurophysiology, brain studies, and cognitive and behavioral scisncc 

• cosmology, high-energy physics, astrophysics, and mathematics 

• biochemistry, medical sciences, and molecular, cellular, and developmen- 
tal biology 

• geophysics, meteorology, oceanography, and paleontology 

• geography, a resurgence of which synthesizes studies of human habitats, 
ecology, geomorphology, social anthropology, and economics 
Branscomb also expects the social and natural sciences to work more 
collaboratively than ever before, sees a growing association of science and the 
arts, and envisions a resurgence of pure mathematics as the handmaiden of 
science. To hasten these revolutions, learning centers around the world will 
have access to each other's theories and research through highly sophisti- 
cated networks that enable students, staff, and faculties to communicate 
with a minimum of inconvenience. If any of Branscomb's crystal-ball gazing 
has merit, the implicatwns for enriched education for the child gifted in 
s-ience, whose career will blossom in the 21st century, are nothing less than 
revolutionary. 
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Recognizing and Fostering 
Multiple Talents — ^Reflections 
on Yesterday's Achievements 
and Suggestions for 
Tomorrow 



In the history of science, sta*^, remote from human beings on earth, were 
among the first things studied. Almost the last — but by no means the least- 
phenomena on which science focused were human beings. In education, the 
traditional emphasis has been upon knowledge, but it is now scientifically 
feasible to make human beings and their potential resources, especially their 
multiple creative talents, become education ^ primary and most important 
concern. 

What we present here is some of the evidence about methods of teaching 
and developing students which bring out their highest potentials for function- 
ing effectively, not only in their schrcling bui also in their careers and 
throughout all other aspects of their livr" 

Over a period of years, our Utah-based team has done research on the 
selection, education, and training of many types of scientists. This work 
follows earlier studies and research at the national level— most notably 
Taylor's two years of service as director of research of the Office of Scien- 
tific Personnel at the National Academy of Sciences' National Research 



Calvin W. Taylor 
Robert L. Ellison 
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Council (1953-1955). There, selection procedures were developed to iden- 
tify future scientists for the National Science Foundation's graduate and 
postdoctoral fellowship programs. These organizations also helped to stimu- 
late, nationally and internationally, research and conferences on creativity. 

All our studies considered creative scientists of many sorts — basic re- 
searchers, engineers, and others, as weil as career scientists and science 
teachers. Together, we have had many years of experience in a wide variety 
of organizations doing research on personnel selection and training of scien- 
tists and the measurement of their career perfonnances and accomplish- 
ments (see Thurstone, 1964). Our findings and experiences demonstrate that 
both the discovery and the schooling of students for scientific careers can be 
greatly improved. (The same is essentially true for practically all types of 
high-level careers where traditional academic preparation and retention 
practices are followed.) Our educational systems could provide better scien- 
tists for research, better practicing scientists for the professions, and better 
teachers of science, w jo better develop students into more effective scientists 
of all types. 

Ross L. Mooney (1963) reported four ways to study creativity: through 
creative persons, processes, products, and places or environments. Our team 
has done research in all these areas. We are convinced that, if Hndings from 
tkis research were implemented for students and scientists in the schools and 
in workplaces, the selection and functioning of scientists would improve. 
Thus, we primarily consider in this paper what scientists of the future could 
be like if we used in their behalf what we know about the abilities and 
characteristics of the best scientists of the past. Educational systems could 
begin to identify, develop, and utilize human resources of science students 
and of career scientists in a variety of scientific and professional programs. 

The quarter-century-long series of nine Utah-sponsored conferences 
among leading researchers on creativity are among many major U.S. investi- 
gations of creativity. We have done more research in the field than any other 
nation. Nonetheless, we think that more mainstream scientists and techni- 
cians have been produced than truly creative scientists on the frontiers of 
knowledge. And, even when the latter do emerge, they are not always 
recognized. In this context, the case of Barbara McClintock*s creativity is 
noteworthy. Her latest and greatest research — a truly revolutionary genetic 
breakthrough — was treated with silence and hostility for a couple of de- 
cades, especially by workers in her own field. However, eventually — without 
knowing she had been nominated — she found herself rewarded, first, with a 
John D. and Catherine T. MacArthur Foundation prize which freed her 
Financially (with a no-strings-attached S60,000 annual stipend) and, later, 
with the Nobel Prize. 

During our first major research project, we studied scientists in action at a 
basic scientific research center in the Air Force. The scientists said that they 
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wo d j^ivc us time to undertake and complete our required studies if we 
f would incorporate their perceptions about the problems about the environ- 

ments and organizations that deterred them from doing their best scientific 
work.* 

[ The first phase of the Air Force project was to study the performances, 

products, creations, and other accomplishments of the scientists involved, 
who urged us not to obtain measures from their written products and inven- 
tions alone. While we analyzed the latter, we also included many other 
measurements to indicate the scientists' other accomplishments, ending up 

? with over 50 criterion measures obtainable throughout their careers. A 

I multiple-factor analysis then reduced the number to 14 different criterion 

'_ factors (Thurstone, 1947). 

The second phase of the study of Air Force scientists was to deveiop and 
select potential predictor test scores relate;* to I or more of the 1 4 dimensions 
of performances and accomplishments of the scientists, as discovered in the 
first phase. Eight different types of predictor tests administered to all the 

: scientists yielded 130 scores. The scores from four of these kinds of tests 

produced validities below the chance level; that is, the scores were of no 
essential value in predicting the performance criterion targets of scientists. 
Three other test types predicted barely above chance; thus, their validities 
were also low. The Biographical Inventory scores were the only ones with 
high validity. 



Multiple Talent Teaching 

These projects and subsequent studies hive provided us with the basis for 
and insights into why Multiple Talen Teaching works: 

All the results on 10 projects plus several replications scattered across the nation 
have almost uniformly been in favor of Multiple Talent Teaching over traditional 
academic-only type of teaching . , , The probability would bf essentially infini- 
tesimal that these strings of differences, practically all in one dircctiori and across 
ten or more projcctf:, could ever occur by chance. It is suspected that no new 
educational approach has ever attained such powerfully significant results on 
rfteasured student performance across such a wide range of relevant classroom 
activities, ([italics ours) Taylor, 1980. pp SI 2407-1241 1) 

For two decades we have searched for procedures, using a career criterion- 
oriented measurement approach, to identify persons who will become effec- 
live scientists. Eariy on we discovered that undergraduate grades, even in 



•The result was three ''by-product'' reports on the need to improve working 
environments and overcome such deterrents However, we neither saw nor heard 
of substantial changes in the workplaces of Air Force scientists 
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science courses, though expensively obtained through four college years, 
were of little or no value in spotting productive scientists, engineers, teachers, 
or physicians. In contrast, we have found that in the entertainment fields, 
particularly in professional athletics, a high correlation exists between one's 
chosen undergraduate activities and later performances in one's professional 
career. 

Our classroom approach in Multiple Talent Teaching could alternately be 
described as "asset-focused teaching." Students generally will live up to the 
high concept teachers have of them. The opposite is also often true. If 
teachers see their students as liabilities, the students may come to meet that 
low expectation. 

Students could be talent tested to determine their potentials and then 
talent taught to develop potentials into actual behaviors, first, through scien- 
tific development of talents during schooling and, second, through self- 
actualization of talent potentials accomplished by the students themselves. 

Talent Searches 

The Institute for Behavioral Research in Creativity has wcrked for over two 
decades on a series of research projects to develop valid biographical inven- 
tories (Taylor and Ellison, 1967, 1983) that could predict scie.ice talent. One 
outcome has been the Biographical Inventory, which measures high-level 
brainpower talent potentials in four areas, including (1) academics, (2) 
creativity, (3) leadership, and (4) the arts, yet analyses of school grades show 
that (2), (3), and (4) arc practically unrelated to school transcripts. The test 
generates additional scores in (5) vc^cational maturity (manifested in think- 
ing through possible careers) and (6) educational orientation (manifested in 
anticipated length of schooling to be completed). 

It is now possible to do a systematic and scientific talent search among 
students in an individual school, school district, state, or nation. The Form U 
Biographical Inventory is our special technique for searches and tests of 
uppe • elementary school-level students; Form CC, of beginning college stu- 
dents. 

Striking samples of talent profiles include one person with an academic 
percentile rank score of OS and a leadership score in the high 90s. Another 
person had a 90th percentile rank in academic talent, with all other talent 
scores below 50. Still another person, with a below-average academic score, 
had creativity and leadership scores above the 90th percentile. Together with 
other information, we determined that his current potential for dropping out 
of school was very high. Offering him some creativity and some leadership 
training and experiences might have kept him in school. 

A recent talent search survey has tested students in two high school 
vocational centers, both "alternative" high schools. We suspected that some 
of these students would earn higher p^^rcwntile rank scores than colleges and 
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universities would predict; our belief that brainpower talents can be found in 
high school technical programs was borne out by our research. In one school, 
we found that 30 percent of ISS vocational center students scored 4 pluses 
(above average on all 4 talent scores); 20 percent, 3 pluses; 20 percent, 2 
«'uscs; and a last group over 1 5 percent, 1 plus. Over 85 percent were above 
average in at least 1 talent area — academics, creativity, leadership, or the 
arts. In general, each student was above average on approximately 2 of the 4 
talent scores. Detailed examinations of the 16 patterns showed that, if the 
school were to enroll specific individuals in courses emphasizing creativity, 
leadership, or the arts- the tendencies of some students to drop out could be 
reduced or even overcome. 

Through our testing, we found rich veins of precious different kinds of 
brainpower in students in whom many traditional academically oriented 
educators would never conceive that such high potentials could exist. With- 
out the discoveries from our talent tests, these students might have hidden 
within themselves treasures of high-brainpower talents, untapped and un- 
known. 

With a challenge to awaken higher education to an increased role in 
recognizing and developing creative potentials in students with many kinds 
of talents, we have also started talent searches and tests in two technical 
colleges. The results of our work in these colleges are similar to those found 
in typical high schools; consequently, we believe that educators in the two- 
year colleges should teach in ways that develop multiple talents. We strongly 
anticipate that, when two-year college graduates have been talent tested and 
talent trained to activate deliberately and systematically the eight creative 
talents ni our talent totem pole picture (see below), they will become both 
more employable and more promotable than traditionally taught university 
sophomores. 

Double Curriculum Teaching 

What we call a double curriculum simultaneously develops two radically 
different types of human resources, namely, brainpower talents and knowl- 
edge. Education should be concerned with identifying and cultivating all 
known human resources, inner and outer. 

In contrast to inner talent resources, much knowledge begins as an outside 
"library resource," which can potentially become, in the long or short rar^ge, 
an inner resource. Knowledge only becomes effective when a person fully 
possesses it. But it must have and retam a sufficiently full form that can be 
retrieved, worked on, added to (if necessary), and transformed into shapes 
that can be applied appropriately. 

If knowledge has only a temporary effect at the time of taking a test and is 
largely forgotten thereafter, it has failed to become a permanent, useful, 
transferable inner human resource. Such knowledge has mainly served the 
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short-range purpose oi passing a test and getting a record on a transcn M and, 
in general, does not become a potential resource for the future. Yet short- 
term knowledge has always been the main focus of teaching and testing for 
'^udents at all levels of schooling. However, as we will argue below, knowl- 
edge can serve in a supportive role as the input that can activate and develop 
natural brainpower resources. 

Intellectual talents arc a second major human resource. The inborn brain* 
power talents can be stimulated to produce multitalentf*^ people who func- 
tion effectively. Multiple intellectual talents, stimulated by knowledge, 
become tools (mental processes) for acquiring additional knowledge. Talents 
differ widely in the degree to which they actively process incoming knowl- 
edge by associating it with what already exists within one's intellectual 
storehouse. But the greater links to association between incoming knowledge 
and this ''inner library,** the more educated and learned a person can be. In 
fact, such knowledge will be more retrievable and applicable and, therefore, 
more transferable and usable in later situations than knowledge only pas- 
sively learned. 

Basic research findings have convinced us that persons become more 
effective professionally and in general by having a rich functioning inner 
library of knowledge and multiple talent processes. These talent processes 
are needed for input reception processing, for inner central pnxessing, and, 
later, for both retrieval and output expressional processing. The more effec- 
tive the multiple input channels, the multiple central brain channels, and the 
multiple output channels of expression, the better. The great need lies in 
weaving knowledge and talents together as functioning teammates. 

Talent Totems Produce Talent-Taught Students 

Wc have chosen to describe the highest-level powers of the brain as talents, 
rather than as skills. Our theory of education conceptualized two broad 
categories of resources inside students, namely, intellectual and nonintellec- 
tual. Because of the availability of many studies on the intellectual brain- 
power talents, we chose to focus initially on implementing them (Taylor, 
1963), postponing the study of nonintellectual resources until later. We have 
gradually formulated several intellectual talent categories (see below) but 
have remained open to additional categories by concluding our list with 
"other.** 

The project remains open^nded: We continue to expand the total number 
of talent totem poles, just as other analysts have continued to find new 
factors (talents) in the mind (e.g.. The Vectors of Mind [Thurstone, 1935], 
Multiple Factor Analysis [Thurstone, 1947], and Way Beyond the IQ, 
[Guilford, 1977]). We continue to cross frontiers into additional high-level 
brainpower talents, which are relatively independent of each other. 
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Over the years, we have expanded *>e number of totem poles th ie times. 
We started teaching for talents typically encouraged by schooling, calling 
our first pole academic talent, the kind of broad, tradition?! skill used most of 
the time in classrooR.5. In general, academic talent calls for leaming-and* 
returning knowledge and passing tests on it. Pr^ently, attention to this talent 
almost swamps classroom time; we belie /t the focus should shrinx back to 
allow other talents time to grow and develop. " hen, we injected the broad, 
complex huh. * resource called "creativity" into both talent testing and 
talent teaching. This combination yielded the two quite separate and difler- 
ent totem polei of traditional academic and creative talents, which lead to 
their separate excellences. 

The creative talents involve inner processes of thinking a^i producing and 
can create at the higher levels of ui^inpower. Tliese types of talents, which 
can have positive lifelong impact, need only minimal supervision, with as- 
signments generated largely by the student. Research ana.yses of talents of 
the mind led to the next expansion — the splitting of creative talents into five 
categories, initially * i the following sequence: productive thinking, planning, 
communicating, forecasting, and decision making. We have retained aca- 
demic talent, adding the five new ones to mak^ the set of six talents us( J for 
a decade and a half to develop students. More recently, we rearranged some 
of the first six and we gradually added three more: implementing, human 
relations, and discerning opportunities, making a current total of nine tal- 
ents. 

The multiple talent totem poles show that no one is found at the top, or at 
the bottom, or in the middle across the nine different talents. Instead, 
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everyone has strengths r weaknesses. The greater the number of different 
brainpower talents that all students Icam to use, the more "equal," on the 
average, the scores across the i, • talents students will earn. Finally, almost 
all students are potentially nigh in at least one of an abundant variety of 
important :alcnt i?^rces. 

Acadeiric grades tend to be almost uncorrelated with extracur icular 
activities, but surprisingl), extracurricular activities not only tend to bring 
out nrore whole-brainpower and v/holc-pc performances but also have 
considerable success in predicting who will be the most effective in later 
careers. In striking contrast, traditional classroom activities have little if any 
predictive validity for later career and total life performances and accom- 
plishments (National Federation of State High School Associations, 1987). 

Beverly Lloyd (1984), having talent-trained her second-grade class 
throughout the year and placed all the children on the first six totem poles, 
studied these students through high school. She fo^nd that their high school 
grades were largely the result of their acaden«c talent. In secondary class- 
rooris, these students were largely functioning onc-dimensionally, showing 
on!y a small amount of a second,, weak talent. However, the students were 
functicning with other talents in their chosen extracurricular activities. This 
observation argues that mult^talent training, implemented successfully into 
regular classrooms, can lead to multiialented individuals' later participation 
in extracuiricular activities in high school. 

After amplifying the number of talents, we saw a need for simplification 
and synthesized the nine talents back into two. We obtained the eight 
nonacademic talent scores in the classroom and applied best-estimate a; pro- 
priate weights for each talent to derive creativity composite talent scores 
separate from academic talent scores. Our pair of academic and creative 
composite talents thus derived illustrates a major issue: We compared, on the 
one hand, the academic taie.^ts demonstrating excellence traditioi.aily to 
Icam the "library of the past" lO, on the other ih*^ ;reative talents British 
historian Arnold Toynbec sees as "the history ^^ung talents" (1964/1967, 
1968). T>ic laticr produce creative exc Mlence that leads to improvements 
which .nake the future." 

Starting with the pair of academic and creativity composite scores, it is 
possible, by applying another set of best-estimate weights, to produce Jrader- 
ship coippo&ite scores for all students. This process would yield a set of three 
broad totem poir talents, namely, academic, creativity composites, and lead- 
ership composites. 

This set of tb'-ee Totem Pole Talent scores obtained from talent teaching 
in "lassrooms is similar to the three Fa U test scores— academic, creativ- 
ity, and leadership talen.7 'Taylor and Ellison, 1967, 1983; Institute fr 
Behavioral Research in Creativity, 1968, 1978). (The combination of cie- 
ative leadership measures can thereby be obtained separately, both from 
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talent-tested and from talent-taught approaches.) Once teachers are properly 
trained to ttach in this manner, our experience in research and implementa- 
tion convinces us that it • U cost little more for a simultaneors double 
curriculum to iji. ion in the classrooms than to continue the existing sys- 
tem, which overuses narrow academic mindpower and results in less efficient 
learning and retaining of knowledge. In fact, the greatest potential resources 
in the classrooms are the ' ludeuts whose multitalents function effectively 
and who use more than one of their high-level talents. 

Students in our undergraduate university c??sses have previously used, for 
most of their 1 3 or 1 4 years of schooling, only their academic talents. !t takes 
these studenti several days or even a few weeks to f nd out that they can ard 
should be using the mo active talent powers of their brain. They can learn 
quickly, academically, about ihe U!ent totem poles. But they are not ready to 
learn to function that wa> nearly as quickly as th^y were when they were 
younger. Nonetheless, our 400 university students in 10 classes of 2:> nomi- 
nated all but 1 percent of their peers as being in one of the two "best" (top 8 
percent) of the 7 talent areas. We have recently added inv<*ntive talents as a 
component to our list of the collective set of creative talents. 



Combining Knowledge Outcome-Based 

Education (KOBE) witti 

Talent Outcome-Based Education (TOBE) 

Having repeatedly stated that knowledge and braiLpower talents are two 
radically different types of hunian resources, we have urged that one should 
cultivate both knowledge and talent^ -not one without the other. Each type 
of Knowledge (K), at one time or ano*! ir, can be processed by every type of 
Talent (T). In this way, there is no need o debate ''knowledge versus talents" 
or "learning knowledge versus learning to function effectively." 

This is a challenge, since teachers and other educators often hav? been 
trained only how to teach knowledge and have developed a curriculum for it 
alone— perhaps the easiest approach in the first place. However, wc now see 
knowledge as one among other talents— perhaps a less lasting human re- 
source than some of the others, less likely to be releamed, reused, retained, 
retrieved, and less necessary as the main focus in schooling. We can now 
develop many talents and thus nwve toward fulfilling the whole person. 
Schooling' outcomes can now br based on knowledge in combination with 
talent. The interaction strengthens knowledge acquisition and lengthens the 
durability, transferability, and usability of both knowledge and talents. We 
can now combine knowledge Outcome-^ased Education (KOBE) and Tal- 
ent Outcome-^ased Education (TOBEj to form the powerful aitd lasting 
TOBE-KOBE combinations. 
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Students esteem creative teachers who use creativity after school to plan 
tomorrow's lesson and use it as they teach. But most important, their creative 
teaching must develop creativity in their students. 

We see no shortage of teacher for the classroom in which students are 
trained to use talents and >imuiianeously to acquire knowledge. Instead of 
being knowledge dispensers C'sages on the stage**), teachers will develop 
students who can learn to participate more actively and more fully than they 
do in anc» from traditional classes. Such teachers for talents will acquire self- 
esteem from direct observation of their students* growth. The students will 
progress through working with knowledge and through stretching their 
minds. 

Students are not nearly as bottled up in talent-focused classrooms as they 
sometiiTies are in traditional ones. Instead, they become more spontaneous 
and function moi" ^reely than children who are overcontrolled in strict 
classroom climates. In the latter situations, the process of grade getting is 
almost through nonthinking ways of learning. 

Teachers for talents use classroom processes to prepare students so that 
they can reflect on the past, tackle unknowns, :.iid try to eventually create a 
oMter world, while revering and perpetuating what is good about the past. 



Resurgences Through Education 

We have developed a list of what we call "resurgences,*' proposed or begun, 
to improve nations, states, their schools, and therefore their students. Toyn- 
bee (1964/1967) proposed U.S. reform, hoping it would lead to a worldwide 
resurgence. He suggested that creativity has been among ""history-making 
talents** and asked, 'is America Neglecting Her Creative Talents?** He 
believed that America has been great because of citizens active in three 
major creative pioneering movements: the first settlers on the Atlantic sea- 
board; the founders of the Republic; and the pion^^rs who settled the West. 
Following these earlier movements, Toynbee thought, the U.S. was still the 
hope of the future. He forecast that this nation can for the fourth time 
become a creative history-making one if Americans 

return to those original ideals that have been the source of her greatness The 

pioneers were not primarily - mcerned with money-making; if they had been, they 
could never have achieved what they did. America's need, ana the world's nee^ 
today, is a new burst of American pioneering, and this time not just within the 
confines of a single continent, but all around the globe. (1964/1967, p 29) 

To Toynbee, the next chapter of America*s history is to help the indigent 
majority of huiT>ankind toward a better life. This task requires unlocking and 
activating as much creativity as is possible. Americans must cooperate to 
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foster and treasure all the potential creativity they have within them and also 
encourage other nations to join in this worldwide creative resurgence. 

If the recommendations n.^de by a 1968 Presidential Talent Task Force 
Report on the topic of Falent Development: An Investment in the Nations 
Future had been implemented, American education would have begun to 
deve. ^ techniques for talent teaching of scientists.* Still, many of its recom- 
mendations have reached the international arena a decade later. Then, in 
1979, Luis Alberto Machado, a former chief of staff to his president, was 
selected for a Tive-year cabinet term as Venezuela's **Minister for the Devel- 
opment of Intelligence." Machado defineu intelligence as total brainpower, 
not nakTowly as IQ. In his cabinet role, Machado undertook a mission within 
Venezuela and to nations around the world. He believed that — for the good 
of themselves, their society, and the world — people's basic human right was 
to have their total brainpower activated and developed; therefore, he 
charged all societies to educate everyone as fully as is scientifically possible. 

Machado observed that Venezuela's potentially greatest wealth is not in 
black gold (oil) but in grey gold (brains). He thought only 10 percent or 
slightly more of the intellectual potential of typical Venezuelans was active. 
But, by applying the latest scientifically based methods of teaching, he 
hoped that average persons in the future would be able to develop 60 or 70 
percent of their potent: .Is. 

In 1980, parts of our program were recommended by Ernest Boyer, presi- 
dent of the Camegie Foundation for the Advancement of Teaching and 
former U.S. Commissioner of Education. Twenty-three scholars and 40 
college and university presidents gathered in a symposium which included a 
day spent discussing creativity. Boyer reported that many college presidents 
told bim that tlicy were no longer leaders. They saw themselves not a$ 
decision makv .3 who moved fron ideas to constructive action but as cogs in a 
machine. They believed they had !'st their time for imagining; they felt 
powerless. If universities become lifeless, uncreative institutions, we wonder 
how anyone can expect students lo be taught to think creatively. 

But just five years later, in 1 985, Frank Newman produced a report for the 
same Gimegie Foundation calling for an American resurgence in and 
through higher education. Later that year, Newman became the president of 
the Education Commission of States, unJsr whose auspices he recom- 
mends policies to the 50 U.S. governors. His call for resurgence through 
education now applies to all educalional levels — preschool, elementary, sec- 
ondary, undergraduate, graduate, and professional. The themes in his report 
suggest providing activities to develop all students' creativity, risk taking, 
independence of functioning, and shouldering of responsibilities in society. 



*Unfortunately, due to the political and social turmoil of the late 1960s, the 
report was neither '^leased nor disseminated. 
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Newman's report, unlike A Nation at Risk (1983), focuses on creative 
excellence as well as traditional excellence. 

Another rcsui^gence occurred after John Goodlad's 10-ycar study titled A 
Place Called School (1993). That report was disconcerting though accurate 
in its findings. The problems it posed led John Raven (1987), a Scottish 
educator, researcher, and reformer, to warn that, if the U.S. keeps running 
the kim< of "educational systems" dcscibcd by Goodlad without making 
major changes, our nation as well as others is truly at risk. 

Many of the t3pical classrooms in Goodlad's 10-year study were class- 
rooms without laughter— v/hkh is no laughing matter. Where life is joyless 
in school, and students feel that they have been assigned to hard labor in an 
emotionally flat classroom climate, they are not going to grow. In contrast, 
classroom programs can foster serious playfulness of the mind, serious toying 
with ideas, and serious fun. Some students found such a classroom climate 
delightful, commenting that they felt they haJ paid their dues in humoriess 
classrooms for years. They wanted to move into more natural toying with 
ideas and irore exciting experiences where they learned through thinking. 
Such orograms can help stem the crisis in schooling in our nation. In recent 
years, fortunately, there has been attention given to the concept of whole 
brain development or whole person development. We recommend both tradi- 
tional and creative excellence in schooling— not aiming at one without also 
nourishing the other. No longer should we teach for academic talent alone. 

Traditional excelleiice tries to perpetuate what is best about the past, 
whereas creative excellence aims to produce a new and often better future. 
Both are necessary. Misused and misUught, traditional academic learning 
can be primarily rote, can proceed by cramming, can be a nonthinking (or 
unthinking) way of gaining knowledge. Such rigid methods do not develop 
and use students' nonacademic brainpower talents as ways of acquiring 
(learning) knowledge. Such students are not becoming self-educators. But 
learning should not stop with school. Academic and Ulent learning ^should be 
lifelong. Self-education could keep the postschool population up to date with 
new knowledge and new techniques that will improve their socieiy and their 
physical and mental health. Learning that calls for thinking should underlie 
every successful resurgence proposal. A mind (or any large part of a mind) is 
a terrible thins; to waste, according to Sam D. Proctor (1974). Many have 
agreed with him. We are convinced that practically everyone is talented in 
something, and if we let each person go through enough somethings, the 
talent(s) will emerge. 

Better Uses of ^fultiple Talents — at All Levels 

I \ another study, we correlated the 6 Form U scores of fifth graders v ith 
their 14 scores in the Iowa Test of Basic (Academic) Skills. We found that 
our academic talent score almost ty pically produced correlations from .50 to 
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the mid-.60s with the 14 basic skills scores. The educational orientation score 
also produced correlations between .35 and .50 with all the basic skill scores. 
The striking finding, however, was that the crucial scores of creativity, 
leadership, and artistic talents had no significant correlations whatsoever 
with any of the Iowa Basic Skills scores. We fear that creativity, leadership, 
and artistic talents are not being emphasized fully enough in official school 
curriculunis, and grades for these talents do not appear on transcripts. The 
field is wide open for teachers and educators in science to have all the Form 
U talents tested and taught within their official curriculums. The multiple 
creative talent teaching approach has been and can be successfully inserted 
into classrooms to accompany the first curriculum of knowledge (typically 
learned mainly by the academic talent). Even if educators and teachers resist 
new paths, multitalented students who discern such opportunities can later 
create new paths themselves. Parents, leachers, and supervisors should be- 
come talent developers as well as knowledge dispensers, focusing on both 
talents and academic knowledge. Computers and other media approaches 
can provide and dispense some of the knowledge, relieving educators so they 
may concentrate on talents. 

Out of school, the same processes can apply. An organization is often 
create i when a person can't do or accompiish something alone. Organiza- 
tions ca" enable good things to happen, things t could not o^cur if the 
organization didn't exist. A study at one large resw ch center found that the 
many people in its organization whose duty it was to provide support and 
service to the research scientists had been classified as can doers and cant 
doers. The latter excelled in generating explanations as to why it was impos- 
sible for theiii to provide a particular service. In contrast, the can doers 
practically never failed to provide successful solutions. The same can be true 
of scientists, at any or all levels and types of functions in which they engage. 
If selected and trained to be able to see and believe success is achievable, 
they should become can doers, then will doers, and then doers. 

One rule in science is that hindsight is as important as foresigh; and can 
lead to new insight. If a study gains no new insight, then it is really merely a 
verification study. In one investigation of a project in milit iry research, it 
was found that about two-thirds of the knowledge necessary to complete the 
project was available in advance; the remaining third, new ideas found 
during the course of the study, was essential in yielding a fruitfv' result. 
Similarly, a major chemical company found that many of its projects as 
originally proposed and funded did not yield a successful end product. But if 
there were new insights gained during these and other ongoing projects, 
scientists often moved quickly (and often informally) to another project, 
which did produce a needed product. 

If masters' and doctoral research has as an unstated emphasis a wish to 
foresee the positive results of all studies, such work may produce person^' 
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inadequately trained to gain new insights. Many studies for graduate degrees 
art almost nonrisk verification projects leading to no new ideas and excite- 
ments, such degrees do not prepare graduates to gain new insights in their 
research careers. 

All is not well in professional schools, even in the health fields. Since 
professional schools, which tend to focus on academic talent alone, do not 
look for other impoitant talents, they often overlook highly qualified appli- 
cants. This predicament ':urs because the selcw.ion process assumes too 
strongly that the academic talent is an extremely high predictor of the 
implementation talent — a false assumption, in Our vinw. After their profes- 
sional training, the graduates often diversify widely in their practice on the 
job. Requiring that students ot talent taught and tested at the preprofes- 
sional level and taking these factors into account, admissions programs could 
better select applicants for both graduate and professional study The cre- 
ative brainpower talents can make history. Yet they are still largely ne- 
glected at all levels of schooling. We emphasize the development of multiple 
creative talents in all students. In brief: When multiple talents function more 
creatively, people function more effectively, and when multiple talents func- 
tion more effectively, people functior^ more creatively. 
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Science Talent: In an Ecology 
of Achievement 



Paul F. Brandwein 



The purposes of this analysis are fivefold. First, we intend to devise an 
environment in schooling in which the young seek and find opportunities to 
think and do science. The environment, structured in an ecology of achieve- 
ment, may thus affect the course of change in the young as they fulfill their 
diverse powers in the pursuit of their special ex'^ellences. Second, we are 
obligated t^ devise environments that channel the interests of the young so 
that they learn the arts of investigation and, in a sense, become performing 
scientists akin to performing artists; that is, they demonstiate their talent in a 
work or performance. 

Third, given the opportunities s*l. devised, the young who participate dis- 
cover that there is a need for individuals of different gifts, different talents, 
and different levels of achievement. Fourth, we shall describe an environ- 
ment in which the young serve their apprenticeship to various kinds of well- 
ordered empiricism, a significant methodology of the performing scientist. 
Thus, we will probe essential questions: Does an individual's talent in science 
demonstrate a private gift? Or is an effective channeling and augmenting 
environment integral in evoking talent? Finally, is it possible to turn our 
experience and investigation into some form of generalizable knowledge? We 
think it is. But I anticipate. 

A First Thesis: An Ecology of Achievement 

The early environment of the child — home, family, community, and 
school — forms an extraordinary interrelationship of environments, ecologies 
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that contribute to shaping the individual. David T. Suzuki, Anthony J. 
Griffiths, Jeffrey H. Miller, and Richard C. Lewontin (1986) furnish us with 
an intriguing model and a masterful analysis of the relationships of genes 
interacting with the environment. Consider, they say, two monozygotic 
("identical") twins, iht product of a single fertilized egg that divided and 
produced two sisters with identical genes, that is, with identical complements 
of DNA. Say the two were bom in England but separated at birth. Suppose 
one were . Jscd in China, by Chinese-speaking foster parents. The other, in 
Hungary. The former will sp^ak Chinese, the latter, Hungarian. Each will 
behave in accordance with the customs and values of her environment. But 
consider: The twins began life with identical genetic properties (equivalent 
and equal DNA, and identical genomes), but in the end the different cultural 
environments produce great differences not only between the sisters but also 
from their parents. Clearly, Suzuki and his colleagues maintain that "differ- 
ences in this case are due to the environment and the genetic effects are of 
little importance" (p. 5). 

It boggles the mind to consider the effects of the multitude of non-DNA 
differences in the environment that determine the actual course of change in 
the individual. Since the early work on genetics in 1 900- 1 940, there has been 
no study in genetics generalizing findings of research on an organism's 
structure or function that docs not base its hypotheses on the generality that 
an organism is the product of the interaction of its genes and its environment. 

For example, the color of the fat of certain rabbits is changed from yellow 
to white, or vice versa, by the color of the mash they are fed; the arteries of 
(he human arc clogged or remain clear depending on the diet (an environ- 
mental effect), obesity aside. Inherited pink lungs turn gray-black from the 
smoke of tobacco; light-pigmented skin darkens in the sun; obviously, we 
learn and do not genetically inherit a knowledge of history. Further, certain 
inherited disorders can be treated as easily, or with as much difficulty, as 
those arising from environmental difficulties and accidents, before and after 
birth. By v^^ay of example, Wilson's disease is characterized by the steady 
defeneration of the nervous system and )iver because the body cannot syn- 
thesize normal amounts of a certain copper-containing blood protein. In- 
stead, copper atoms from food are deposited in the brain and other tissues. 
However, an available drug (an environmental factor) removes the copper 
atoms and prevents degeneration of nerve tissue. 

Another example: The absence of a specific gene results in Phenyl^eton- 
Mria (PKU), a condition that pushes a child into mental retardation. The 
amino acid phenylalanine accumulates in the body, resulting in brain dam- 
age. A child nna;' be spared the effect of its genetic defect when given a 
phenylalaninc-frte diet. In this case, as in Wilson's disease, the intervention 
of a changed environment reduces the deleterious effects of the genetic 
condition. Thus, in ihese two examples, wt see an explicit interaction of gene 
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and environment through medical intervention. The notion that some inher- 
ited traits arc unchangeable or inevitable is no longer acceptable. 

Clearly, the ability to do originative work or discovery in science, a sign of 
talent in science, must be strongly assumed to be a product of heredity and 
environment. As Liam Hudson (1966) suggests, the intellectual operations of 
the scientist depend on a huge accumulation of experience as wdl as on vast 
accumulation of knowledge. Neither can be ascribed to genes formed long 
before that knowledge was available. We seek then an environment (an 
ecology) which will give all our young the multiples of opportunity for 
development, allowing them to benefit fully from the conscqnences l the 
interaction of their genes and their environment. 

Recall now that the term ecology describes a relationship, an interdepen- 
dence, among organisms and their environment. Although an ecology seems 
a loose relationship, it is in effect a structure built on strong interdepen- 
dencies among organisms in a particular environment. Together, organisms 
and environment form an ecosystem; if we alter the environment, the organ- 
isms may not survive. The interdependence or ecology we seek is that which 
leads to performance; we try to relate the manner in which the design of the 
ecology in schooling and education translates or metamorphoses potential in 
science into a performance: a discovery (the term I should substitute for 
"creativity"). 

As we shall see, the sole use of intelligence tests can result in a single 
reified judgment of ability. IQ, too often a dominant criterion in the selection 
of the "science-gifted** in isolation from the powerful environments that 
affect talent, is thus not central to our probe. 

Note, however, that the transformation of an organism from one stage of 
life to another is a result of the unique interaction of its genes and its 
environment at each moment of life (Suzuki et al., p. 5). But this significant 
statement may be inadequate unless one considers two types of heredity — 
one genetic, the other cultural. We are aware that biological heredity (or 
inheritance) consists of the transmission and transmutation of DNA. Cul- 
tural heredity (or inheritance) consists of the transmission and transmutation 
of learned elemer.ts: knowledge, values, and skills. Put another way, the 
transformation of the human from one stage of life to another is a result of 
the unique interaction of its biological and cultural heredities. 

In other words, a child is not the result solely of gene-driven factors. The 
very young child is already a complex of gene- and environment-driven 
factors interacting to form structure and function. Further, subsequent 
development stems from a newer base: the result of the up-to-this-point 
interaction of the two heredities, genetic and cultural. 

Surely cultural heredity is within our control. Yes, but not historically — or 
certainly not in present cultural history. The life span of a child born in an 
underdeveloped country is an average 40 years; the inner uterine environ- 
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mcnt is as critical as the outer. In the United States, at present, the life span 
for those with optimum health is 75 years. What was the cultural history of a 
South Korean child in 1910, as compared and contrasted with one in 1988? 
Surely, the former did not enjoy a civilization centered in science and 
technology Of a Japanese child, before the Japanese industrial and cultural 
revolution? Of a woman bom to mature to her majority before, say, women 
were allowed to vote or readily accepted, generally, into the scientific profes- 
sions? The word "environment" hides too much and is often too bland. For 
example, the brilliant young British physicist, H. G. Moseley, was killed at 
Gallipoli during a failed attack in World War I. Are not wars and their 
effects environment driven? You will know of other instances~<Iism?ying 
ones, or those made glad— some by human and humane intent You will find 
we have survived countless terrors. 

For this reason, we shall be stressing throughout a diptych in human 
development consisting of two universes of factors oi traits that are gene 
driven and environment driven. The simplest example of the former is 
height, which is mainly gene driven, but even here affected by diet and, 
perhaps, exercise. The most complex, perhaps, is intelligence, which is de' 
pendent upon many genes, or, as the term is used, is multifactorial, to an 
extent as yet unknown and surely affected by a host of environments also not 
fully known. 

Environment-driven factors come out of life's experiences. Schooling is 
precisely that construct of the environment that is intended to nurture all. It 
is the envi. nment that is intended to offer varieties of experience for multi- 
ple intelligences. In brief, schooling is the social construct designed to offer 
multiple channeling i.,id augmenting environments for the varieties of young 
who make up a school— and by extension, the varieties of young who make 
up a democracy. 

Richard H. de Lone (1979) in his Smaii Futures, a study for the Carnegie 
Foundation, furnishes impressive evidence of the effect of the socioeconomic 
environment on the futures of children in minority groups. The data he has 
gathered demonstrate powerfully how environmental disadvantages and in- 
justices limit achievement. Kenneth Keniston's foreword to the study states 
this view clearly: 



For well over a century, we Americans have believed that a crucial way to make 
our society more just was by improving our children. We propose instead that the 
best way to ensure more ample future, for our childrcr. is to start with the difficult 
task of building a more just society, (p. xiv) 



Simplistic consideration will yield the truth that, even if undertaken im- 
mediately, reconstructing society (and particularly the family) demands 
careful and incredibly intricate and elaborate plans over the definable short 
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and long terms. Yet daily, each and every year, without halt, the young keep 
coining to our schools. The school environment, its effect on intellection, on 
personhood, on knowledges, attitudes, and skills — if you will, the ecology of 
achievement — is the heart of a school supported by a community that can 
stand some rebuilding. The imnact of schooling is notable with regard to the 
opportunities for both the gifted (the seemingly advantaged) and those 
disadvantaged by th j many social and economic ecologies that affect them. 
The term environment is thus best placed within the widest ecology of 
achievement, which includ;.s not only development of the organism in its 
biological, psychological, social, and educational components but also in its 
full political and economic range. 

Schooling per se, to be effective in our present technocratic society, with 
its techno-electronic technology — a society hastening into a postindustrial 
era — must accommodate an ecology of achievement. But a school is only a 
part, certainly not all, of this ecology. That is, schooling is reasonably a part 
of the society and the culture that mother it, just as the separate communi- 
ties of the forest and the sea are parts and not the whole of the ecosystem. As 
we shall not igain and again, a community furnishes a part of the ecology of 
achievement in which a school succeeds or fails. The ecology of achievement 
that nourishes a successful school is characteristic of a successful commu- 
nity. And conversely, it is difficult to find a successful school within a 
community that does not support the kind of schooling required in cii open 
society, especially one entering the global economy of the postindustrial 
period (Brandwein, 1981). 

The community of scientists *jvithin a given field also establishes an ecol- 
ogy achievement. Scientific knowledge is cumulative knowledge; scien- 
tists cannot ignore pr<;cedent work: Indeed, they build upon it. The library 
and the comput':r*s uata base precede and endure during the scientist's work 
in the laboratory. Simplistically stated, **brains on" before and during 
**hands on." And, if you will, as the young mature and rush to learn, to do on 
their own, a certain dose of "hands off* is desirable. 

It seems also that ecologies of achievement affect the kinds of problems 
accessible to the problem-solving activities of science. James J. Gallagher 
(1964) remarks in the 1 970 preface to Teaching the Gifted Child that much 
of the material contained within was "nonexistent" five years ago. That is to 
say, studies on giftedness seem to be grouped in periods — in the early 1950s 
to 1960s and again in the early 1970s. Possibly studies of the nature of the 
cyclical change in interest in giftedness generally, and in science specifically, 
parallel closely the crises of society — particulariy those in economic, social, 
and political ecologies. So Abraham J. Tannenbaum (1979), both a teacher 
of the gifted and a student of giftedness, remarks: **The cyclical nature of 
interest in the gifted is probably unique it; American education. No other 
special group of children has been alternately embraced and repelled with so 
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much AgoT by educators and laymen alike" (p. S). And again, Tannenbaum, 
quoting Spaulding (undated), writes, review of the state of research lor 
the years 196> *u l*)74 reveals a fairly ble^k picture; only 39 repc s on the 
gifted had been published in that period** (1983, p. 33). On this oscillation by 
the culture or "change in signals** by society, see also Harry S. Broudy 
(1972) and Brandwein (1981). 

Thus, there appear to be concerted efforts in a given tieid at a given 
circumscribed period, ecologies of achievement apparently responding to 
periods with similar problems. On ihis, Robert K. Merlon (1961) remarks: 

I sho*;lc like now to develop the hypothesis that, far from being odd '^r curious or 
remarkable, the pattern of independent multiple* discoveries in scienv s in princi- 
ple the dominant pattern, rathei than a subsidiary one — Put even more sharply, 
the hypothesis states that all scientific discoveries ar^ m princip multiples, 
including those that on the surface ap|,i to be singletons, (p. 306) 

Merton*s account is, thus, a ic^. ence in our terms to an interrelationship in 
effort of difTc ^ent individuals and groups of individuals, concentrating on 
achieving solutions to the problems of society (an ecology of achievement). 

Derek de Solla Price (1961/1975) in Science Since Babylon, his thesis on 
th-; nature of "scientific civilization,** refers to discoveries by foremost scien- 
tists: "Probably it follows that to double the population of workers in the fe* 
highest categories, there must be added eight times their numbe of lesser 
individuals** (p. 120). That is, lesser individuals who prepare the ground, or 
assist in the investigation, or add to the field. Among them are individuals 
who, given a certain intellection and persciality (neither yet fully under- 
stood) as well is the necessary opportunity and luck (al<^o not yet fully 
understood), may become giants in their own right. 

Yakon M. Rabkin*s (1987) analogy of the contributions of those scientists 
in the "lesser** categories compared to those in the "higher** categories is 
found in his discourse in ISIS on "Tech H-logical Innovation in Science- 
Adoption of Infrared Spectroscopy by Chemists " There, he states. 

Among the rt ost important new methods was infrared spectroscopy, which ac- 
c:t>ired remarkable popularity during the 1950s and 1960s. The number of infra- 
red instruments, a handful before the war, rose to 700 l'^ ^947, to 3,000 in 1958. 
and to 20,000 in 1969. The technique*s use ir scientific research, as recorded in a 
1965 report issued by the National Academy of S'^iences in Washington, D.C . 
skyrocketeu correspondingly, (p. 31) 

Obviously the corresponding rise in numbers of scientists working in infrared 
sp'^ctroscopy included those in both the "lesser** and "higher** categories, 
presumably the grca est number in the "lesser** categories. Question: Could 
those if the "higher** ca sgories i.ave done their work without the efforts of 
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those in the "lesser'' categories? May we not say all were involvei in similar 
ecologies of achievement? On this aspect, please see Glenn T Seaborg's 
"Letter to a Young Scientist'' in this volume. 

1 refer here only to a very few studies that offer firm cogn " nee of the 
notion that science discovery (synonym: "creativity") docs not come out of a 
single "Eureka!" or "Aha!" but from a network, a seamless fabric of the 
effort and work of jnany individuals — of a . levels of ability and 
temperaments— over time. It is almost with regret that I irust redact 
Ntwton'*' fabled statement that even a dwarf can see farther when seated on 
the shoulders of giants.* 

in essence, the figure of dwarf seated on giant is one aspect of the methods 
of intelligence of the sciertis'. namely: Science as a field, and a scientist 
working in an area of special knowledge, depends on cumulative knowledge. 
Thus, I must revise the Lucan-Burton-! ,ewton model (Virgil probably had 
an earlier hand in the aphorism) of dwarf on giant. That is to say, a dwarf 
may stand on a gigantic pyramid of bricks compos^, i of the clay and stra* v of 
prior massive effort, and so even a dwarf may see father. But if a dwarf may 
see farthe.', so may a giant. This is not to rejci^t the truth that, in an ecology of 
achievement, one or two individuals may have knowledge, skills, and atti- 
tudes that make thetn clear leaders in a fitld. There surely are seminal 
thinkers, or giants, in the general attribut . of intellection (say, Aristotle, 
Galileo, Newton, Kant, Einstein, the Curies, Mead) or in a special talent 
(say, Mozart, Beethoven, Stravinsky, Rembrandt, Monet, Van Gogh, 
Shakespeare, Dickens, Cassatt — select your own) who grasp a field entire 
and set it into a new context. However, they too have learned from others 
before them. Further, children and adults are not gifted, or talented, Vi all 
things, are they? They are talented in sottte things — even many, bat certainly 
not all. The towering genius does not tower in all fields but leaves some 
towers 10 others. That is to say, the processes of work in an> field encumber 
us wKh the methods of thought a. J the «vays of work, as well as the knc 
edges and skills gained in time known and unknown, but probably prior to 
the time of discovery and possibly within the same period. 

It seems, then, we can'.ot escape the ecology of achievement no matter 
how we examine it, any more than the talented scientist can escape the past. 
We may thus safely take a f look at the devices that channel the interests 
^ the young so rhat they may undertake significant role exploration in he 



•Even here there is an ecology of achievement. Surely among oihers, ii oc- 
curred to Lucan (39-65 A D ) to note "Pigmei gigantum humcns i npositi 
plusquam ipsi gigantes vident (Pygmies on the shoulders of a giant see urther 
than the giant ) Robert Burton ( 1 577-1640) referred to Lucan*s Didacus Stella— 
and ii wow ' ~ >t be surprising that Newtoi ;ad Burton. I am indebted to Merton 
for bringing this to light in his On the shoulders of giants {1965/ \ 9^5). 
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?xc*s of discovery in science as coming out of a dyad: genome interacting with 
tmronment. Yet, we as teachers do not tamper with the genome, we tamper 
with its environment, a precious yet dangerous opportunity. Precious, be- 
cause we are designing an environment for the young, who deserve an 
optimum environment in which to fulfill themselves. And dangerous, be- 
cause in the sense of the Hippocratic oath we must "first, do no harm.'* 



A Second Thesis: 

The School Environment, as Dyad 

Are there any environments that would approich the condition that v.ould 
permit us to use the term "id-^ntical environment" even as we uj>e the term 
"identical genomes" for identical twins? We should expect to find such a 
home environment for twin:> or siblings rearcu in the :»ame family ir ^nt 
household. Yet the consensus of recent findings is that, in a sense, each child 
within the family (a macrocnvironment) is in an environment of her or his 
own (a kind of microenvironment). For example, siblings reared in the same 
ho ne environment are generally different in significant behaviors. That is, 
the siblings are reared '"-thin different ecologies of achievement— their 
genotypes and initial environments interact to furnish them with a singular, 
not similar, ecology of achievement. Indeed, the parents are likely to react 
differently to children of different temperaments, behavior, and ability. 
Parents furnish offspring with different microenvironments, thus creating 
different ecologies. This should be expected if the siblngs have different 
grnotypcs, and further, if. as is thought, as much as 30-40 percent of the 
traits of t#?mpcrament ..re inherited, are gene driven. 

Is there then a hypoth< sis that may guide our efforts to determine whether 
there is a trait we may ^all "giftedness" or "talent" in science? Forty years 
ago (1947) I tried to define one, based on m} early work in scientific research 
and thus c.i my observations of scientists at work in their laU^ratories. As a 
participant in scientists' researches for six years, I learned the., "methods of 
inielligencc" (a term Percy Bridgma so often used). I used what 1 had 
learned in my own research. When I tur..u< to teaching, I applied what I had 
learned from my observations of the laboratory environment into environ- 
ments nurturi ig those whose wishes and intentions were to become scientists 
and who came forward (i.e., they selected themselves) to undertake the work 
open to them. The program was described in its initial plan n The Gifted 
Student as Future Scientist (Brandwein, 1955/198 1 ) and more recently and 
b. iefly in "A Portrait of Gifted Young with Science Talent" (Brandwein, 
1986). 

The titles arc significant. First I h'ld noted that all ihe scientists (some 26) 
I had worked with were gifted students; that is, t^ey had mastered their 
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fields, could use the tools of "unco>^er>" in library and laboratory in order to 
cotne to their aim: a discovery, a new and meaningful work. What seemed to 
characterize the scientists who made new knowledge through that definitive, 
creative act, discovery? 

First, being gifted students, they obviously had a certain level of intelli- 
gence. Recall, intelligence is a gene-driven factor; it is multifactorial 
(Guilford, 1968; Gardner, 1983) and thus is not to be reified in a single 
measure, IQ. But multifactorial intelligence shoul*:! not be confused with 
achievement. While the former is strongly gene driven and, of course, highly 
factored by environment, the latter depends stro..gly on an environment 
channeled m schooling and education. 

Not only were the mature scientists gifted students in their particular field 
in science (and apparently also in general intelligence as indicated in their 
verbal and mathematical skills), but they also were persistent in pursuing the 
solution of problems. Generally, their observed behavior may be expressed 
thus: Theirs was a quest, a search for verifiable knowledge. Embraced ... .he 
quest was their rotable and observable dissatisfaction with present explana- 
tions of the way th^ world works — particularly in their chosen field cf study. 
They often spoke warmly of ctrtain experiences in school and university — 
and of their mentors in research. In short, their channeled inte'''*st was 
augmented by personal and activating attention of a memorable set. 

On the basis of these observations made in a laboratory setting, and the 
basic interpretations that sprang from thom, early on 1 developed a "modeP' 
to guide our work in preparing an environment that would 

• Channel the energies of those who wished to carry on ♦he study of science 
(a channeling environment) 

• Augment this channeling environment with opportunities to do such re- 
search (an augmenting environment is specially designed to furnish situa- 
tions in which "'originaP* problems in science would be found and an attempt 
made to engage in the kind of discovery characteristic of the scientist: 
Students would engage in problem solving, not the usual problem doing, of 
the scheduled Lbj 

• Transform potential into performance (once the young had performed 
with success and personal satisfaction, it seemed as if they had fansformed 
themselves) 

Our test of "creativity" in science was thus to be a test of ability to do an 
expenoient or an investigation leading to a "new" bit of knowledge, a work. 
In order to describe in detail a plan to test ability to do an investigation, with 
Evelyn Morholt and Sigmund Abeles 1 have prepared a companion paper, 
"Apprenticeship to Well Ordered Empiricism," in this volume. This paper is 
concerned with the channeling and augmenting environments open to the 
yc seeking to determine whether their talent might be expressed in 
science. 
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Our first concern in the design of th'* "model" was to focus on the 
nurturing face of the environment. We would create a novel environment, 
and thus we could attempt to specify the competencies of our students in 
terms of performance. Ours was a kind of psychology or **unpsychology" 
(Michael A. Wallach*s term) based on discerning and discovering conditions 
that stimulated fietd-specific, real-world performance in a particular area 
such as science. We would substitute the students* work for their .cores on 
tests purporting to measure general "giftedncss," "talent," or "creativity." 

As my colleagues and I observed youngsters at work over the years, it 
becanne apparent to us that questing included a reaching out, perhaps an 
avid search for experiences that were stimulating, perhaps "experience in 
search of meaning," as Einstein would say. These students seemed to want an 
environment fitting certain personal tendencies toward autonomy; they were 
bent on hollowing out a kind of caf j of freedom. Further, our interviews 
with a number of parents of these young who used novel approaches in 
problem solving led us to conclude that these youngsters hac ^nr privileges of 
early "independence training." (Anne Roe's phrase in Roc and Marvin 
Siegeiman, 1964, p. 5). And» in their active search for expcrien'^e, tnese 
young exercised a certain autonomy. Indeed, Lois-Ellen G. Datta and Morris 
B. ^off (1967) suggest the possibility that the "main infli'ence on early 
scienti.^c creativity w^s autonomy versus parental control" (quoted in 
Tannenbaum, 1983, p. 295). 

Our observations of mature scientists at work ;,nd of young aspirants to 
scientific careers at Forest Hills High School (New York City) *-d to the 
development of the working hypothesis sumn.. .zed as follows: ''high-level 
ability in science is based on the interaction of several factors: Genetic, 
Predisposing, and Activating. All factors are generally necessary to the 
development of high-level ability in science; no one of the f actor is suffi- 
cient in /7jW/"(Brandwein, 1955/1981, p. 12). This hypothesis guided us in 
our efforts to develop a channeled and augmented environment for those who 
i:elected themselves for the program we called OPUS — Occupational Pro- 
gram Undergirding Science (BT2indmm, 1955/1981; 1986). 

Clearly, what appears to be a triad rests in an interaction of gene and 
environment, a dyad. Probably the elements of the genetic factor display 
themselves in the early intellectual and physical development of children, as 
they interact with the people and things in their early environment. Possibly 
the predisposing factors, invoking as they do personality, that is« tempera- 
ment, are at least in part gene driven but are expressed in interaction with the 
environment. Thus Sandra W. Scarr and K-'.thleen McCartney (1983) state. 

We all select from the surrounding environment some aspects to which to respond, 
learn about, or ignore. Our selections are correlated with motivational, personal- 
ity, and intellectual aspects of nur genotypes The active genotype-environment 
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effect, we argue, is the most powcriul connection between ncople and their 
environments and the most direct expression of the genotype m experience 
(p. 427) 

The predisposing factor I postulated comprised two identifiable traits: per- 
sistence and questing. Early on, Catherine M. Cox ( 1 926) observed that high 
but not the highest intelligence, combined with the greatest degree of per- 
sistence, would achieve greater eminence than t!ie highes; degree of intel- 
ligence with somewhat less persistence. Ti» trait questing (embracing a 
free-floating curiosity) demonstrated itself in the need to know and in a 
dissatisfaction with certain explanations of phenomena. Roc (1953), in her 
study of mature scientists, and Donald W. MacKinnon (1962, July) a^-ee 
MacKinnon, for example, states, "Our data suggest, rather, that if a person 
has the minimum of intelligence required for mastery of a field of knowl- 
edge, whether he performs creatively or banally in that field will be crucially 
determined by nonintelleclive factors" (p. 493). That is to say, factors of 
personality, even luck. Hudson, in considering the performance of creative 
work, states plainly tha. the work depends not so much on an individual's 
"intellectual apparatus but the use he sees fit to make of it" (p. 30). Hudson 
asserts as well that, given a certain .evel of ability, the personal, not the 
intellectual, factors are cnicial. 

From our observations of working scientists as well as from common sense, 
it seemed clear that genetic and predisposing factors were not all that 
operated in the making of a scientist. Opportunities for further training and 
the inspiration of the individual teacher and/or mentor were clearly factors 
to be considered in reaching a working hypothesis on the nature of high-level 
ability in science Robert H. Knapp and Hubert B. Goodrich (1952) have 
studied the place the college teacher has in stimulating individuals with high- 
level ability ir -icience. I recall that, without exception, the scientists who 
gave me r.y early training stated their indebtedness to one or more teachers 
and cited tn^ opportunities these teachers made available to them. What we 
then called the activating factor fr-ned out to involve the channeling and 
augmenting environments mentioned earlier. Ii.ieed, Roe found the scier- 
lists she studif recalled those teachers who stimulated them to find things 
out for themselves. 

It is important to empha ize that the hypothesis does not postulate talent, 
giftedness, or creativity in science pei se— as rooted in the gene. We postu- 
late that high ability (rooted generally in genetic factors) interacting with 
predisposing and activating factors (rooted generally in the effects of envi 
ronment) are necessary to the development of scientists. 

Why not use tests of creativity, for example, those of E. Paul Torrance 
(1966) and Jacob W. Getzels and Philip W. Jackson (r^62)? Note that 
Tanncnbaum (1983), in a major review of tests of creativity, states, "It 
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remains to be demonstrated conclusively, however, that divergent thinking 
and creativity are synonymous and that so-called ^creativity tests' have 
strong predictive value" (p. 298). Richard S. Mansfield and Thomas W. 
Bussc (1981) have also remarked that the diversity of definitions of creativ- 
ity has produced a jumble of Hndings with only dubious applicability to real- 
life creative performance. On this, also see MacKinnon, who concurs, **Our 
conception of creativity forced us further to reject as indicatoi-s or criteria of 
creativencss the performance of individuals on so-called tests of creativity" 
(p. 485). 

We found that the young who selected themselves for apF^enticeship in 
rv^scarch a id were thus faced with the tasks of the research scientist exhib- 
ited what we know to be the behaviors of the scientist. In selecting them- 
selves for the demanding work, they opened for themselves a period of 
instruction in problem solving as a central pa.t of an augmenting environ- 
ment: research over a period of 6 to 18 months during and beyond the course. 
This experience, differentiated from that of students who preferred the 
accelerating enrichment of the channel environment, may well be what is 
sometimes described as "differentia' education for the gifted." The design of 
the augmenting environment, its strategy and tactics in teaching and learn- 
ing, is described in "Apprenticeship to Well-Ordered Empiricism" in this 
volume. For example;, those young who sought out the augmented environ- 
ment were able to 

^ note discrepant events 

• discover a problem situation within the event they wanted to investigate 

• uncover the prior literature related to the work on the problem 

• propose a hypothesis 

• design an investigation involving observation and experiment on the basis 
of the hypothesis 

• record their data (including erroi ) 

• design control experiments in an attempt to defeat their hypothesis 

• offer a tentative solution 

• propose new experiments in an attempt to defeat their solution 

• state their solution in a systematic assertion 

• present their work in seminars with other apprentice-scientists 

• present their assertions and predictions in a paper 

• present the paper to their peers in a science congress 

• offer theii work for critique to their mentors — scientists in the field 

• enter their work in the Science Talent Search for further appraisal by 
scientists (if they wished; on th:?, see pages 90-92) 

True, the congeries of activities called forth by the individual research 
these young co:ild and did undertake were entirely unlike the creativity lefts 
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Getzels and Jackson and Torrance proposed. However, for us and the two 
psychologists we consulted, the activities represented a decent test of the 
ability to discover For us, the research constituted a test of creativity 
directly related to the lifework these young were contemplating. \s such the 
research was perhaps similar to the audition of the aspiring musician, the 
portfolio of the aspiring painter, the tryout of the aspiring athlete, the story 
or essay of the aspiring writer. Or, as Hudson put it, confirming our view, at 
least in part, 

NVhcp wc ask a scientist to complete a verbal analogy for us, or a numc. ical scries, 
we arc asking him to perform a skill insultingly tnvial compared with t>tose he uses 
in his research: when he grasps a theory; reviews the facts for which it is supposed 
to account; decides whether or not it dees so, derives predictions from it; devises 
experiments to test those predictions, and speculates about alternative theories of 
his own and other people's In all these maneuvers he exercises skills of a complex- 
ity greater than we can reao'ly comprehend (p. 109) 

We must content ourselves then, at this point, in rooting snence talent in a 
dyad: genes interacting with environment. And the evid< ji the presence 
of science talent was to be a work, which would nect: ly come out of the 
interaction of heredity and environment undergirding the qua'ities of 
th jght ard action interpreted in our hypothesis stated on page 82 of this 
paper. 

At this point, we may postulate strongly that high-level abiliiy in science 
specifically is not to be conceived of as lodged in DN A. The gifted student's 
high-level ;:bility in intellection (or critical thinking) and in numerical and 
verbal skills may be initially gene driven. But high-level ability turned to 
science, to the cumulative knowledge and the skills in inquiry that character- 
ize science, are environment driven. The triads offered by Brandwein (1955), 
by Joseph S. Rcnzulli (1977), and by Robert J. Sternberg (1985) all seek a 
nexus within genetic and environmental expression as a sign o1 giftedness. 
The field-specific hypothesis expressed here for "jciencc, embracing high 
ability as emerging from the interaction of the triad of genetic, predisposing, 
and activating factors, nonetheless is subsumed by the reality of the dyad, 
the highly evid'^niial interaction of an individual's DNA ^genome) with the 
environment. Our thesis proposes that— as p:irt of the ecology of achieve- 
ment acting on the antecedent development of the young — carefully de- 
signed field-specific curriculum and instruction in science that encourage 
originative laboratory work (an environn;ent) would catalyze the activity of 
the young as "pcrfo^ning scientists," albeit in the c.irly stages of develop- 
ment. As early as 1957, A. Harry Passow had developed the essentials of a 
science curriculum undrrgirding a channeling and augmenting environment. 
(On curriculum, sw^ also Passow, 1983; and F. James Rutherford, 1985.) 
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A Third Thesis: 

The Student as Performing Scientist" 

How docs one "sslcct" those who have a potential for becoming performing 
scientists? Selection implies acceptance of some and rejection of others. 
Between 1947 and 1952. when we were engaged in researches to investigate 
whether there is such a trait as giftedness in science (also .jlled "science 
talent"), measurement of "science talent** was in its infancy. Still, at Forest 
Hills High School, examinations were not a prelude to entrance. The school 
door? ere open to all the students in the district. We were both required and 
gkd to make opportunities available to all who wished to do the work; we 
could not. and indeed, we would not. make an examination requisite to entry 
to any program in science. 

If we use the phrase "potential to performance.'* we seem to imply that 
first we find a potential and then turn it into performance. The actuality is 
that in giving young aspirants their opportunity to develop a personal art of 
investigation through performance, we seek out potential through (not to) 
pcrionnance. The strategy is to furnish students, their interest perhaps now 
channeled and augmented, with an environment, a problem-solving situation, 
in which they further augment interest and fix it in observable behaviors. 

In 1947-1948» we gave students the opportunity to enter a program of 
individual work in science in the second iialf of the year i their study of 
biological science. They couid selec* themselves for the opportunity, one that 
included individualized work and instruction (including mentoring) to solve 
a problem thiough modes of lesearch resembling closely those of research 
scientists. Our model for the test was thus a simulated "real-world** process 
of testing an ability to solve a p,"oblem using the scientists' methods of 
intelligence. To a high degree, the "apprentices** would reveal how they 
fac-d problems that required an invented, that is. a novel approach. And yet 
the apprentice experience would embrace an unknown, approaching a de- 
cent tincture of the compi<ixity found in adult research. Solving the problem 
would require sustained effort over six months to a year, perhaps -'en longer. 
A certain originality in insight and evaluation and. what is more, m overcom- 
ing countless failures, small and large, was : quired. In effect, the apprentice 
would face a paradigm of persistence in scientific critical thinking and 
ultimately, in origination, a discovery. 

Is performance ev*Kative of. even a test of. potential in science? It may 
well be a crystallizing experience masquerading within a test of talent in 
science^ and it is possible that such an experience may exert powerful, long- 
term effects on the indi\ * Jual. Further, to quote Joseph Walters and Howard 
Gardner ( 1 986). crystallizing experiences "are a useful construct for explain- 
ing how certain talented individuals may fir^i. discover their area of gifted- 
ness and then proceed to achieve excellence within the field** (p 309). 
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Let me state one aspect of our program plainly: Once students had been 
accepted as members of the scb ol, they were not to be excluded from 
participation in any activity devised by ;he school; we let each one of them 
have a try at any program with full attention to physical and psychological 
safety. Some 40 to 60 students were to apply (that is, select themselves for 
the science work) each year, and all students -A^ere accepted, no matter their 
IQ. The environment was so channeled and augmented to permit their 
performance to be the test of the»f ability. 

True, the students in the research program tended toward four years of 
science, three years of formal mathematics plus one special mathematics 
course of their choice, usually the calculus. But it was clear to us that, in this 
act of self-selection, the vast majority who applied for individual work had 
come through *; period of self-appraisal based on their achievement. Indeed, 
the oft-repeated research that, given the opportunity do so, students can 
judge themselves by examining their own achievement was validated. In 
effect, to us, self-selection implied an active seeki'^g of a channeling environ- 
ment leading to an augmenting environment. 

In any event, the students who selected themselves for the wor' J 
several sets of traits: high interest, generally high ability, nersisu , and 
questing (the predisposing factors). But would they all be able to generate, 
pursue, and complete an investigation (a work performed) that would test 
their ability in discovery, in creativity? Similarly, but not in the field-specific 
context of SL.ence, Renzulli, Sally M. Reis, and Linda H. Smith (1981) 
utilize Renzulli^s t.iad to describe giftedness as 

an interaction among three Lasic clusters of human traits— these clusters being 
above-average generdi abilities, high levels of task commitment, and high levels of 
creativity Gifted and talented children are those pc essing or capable of develop- 
ing ihis composite set of traits and applying them to any potentially valuable area 
of human performance (p 27) 

Further, Renzulli ami his colleagues, in stressing task commitment, press 
the point that "whereas motivation is usually defined in terms of a general 
energizing process that triggers responses in organisms, task commitment 
represents energy brought to bear on a particular problem (task), a specific 
performance area" (p. 24). Possibly, by task commitment, Renzulli and his 
co-workers confirm the elemtnts of the predisposing factor (questing and 
persistence) stipulated in our hypothesis (see page 82). Nancy E. Jackson 
and Earl C, Butterfield (1986) are content with the following definition: 
"Gifted performances are instances of excellent performances on anv task 
that has practi al value or theoretical interest. A gifted child is one who 
demonstrates excellent performance on any task of practical value or theo- 
retical interest" (p. 155). Robert S. Siegler and Kenneth Kotovsky (1986) 
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propose that '\ . . careful observation of the products children produce may 
prove to be the most practical way to improve on intelligence tests as 
asswssment devices" (p. ^32). 

We are persuaded, then, by practitioners in research in the field of ghted- 
ness that performance in a field that has practical value or theoretical 
interest is a useful test of promise, or rK)tential, for a given talent. However, 
one these indicators is certainly the ability to perform an experiment or to 
do a theoretical investigation or ana /sis in an augmented environment in 
science. 



One Search for Science Talent: 
EflFects of Ecologies of Achievement 

Why is it that some secondary schools, especially those apparently endowed 
with all the possibilities for developing a fruitful program for a body of gifted 
students who might seek out a lifework in science, do not offer an augmented 
environment in science — that is, one with individualized instruction that 
fosters and crystallizes experience in the arts of investigation characteristic 
of scientists? We found that the use of the Science Talent Search as an 
instrumt • tO study various aspects of the ecology of achievement for the 
putativcly talented in science was effective in dissecting out certain aspects 
of the augmented environment that seemed to be missing in these schools. 
The '^Search" is instrumental in two ways: first, as a possible test of science 
talent; and second, significantly for our p'.rposes, as an indicator of the 
nature of certain ecologies of achievement that affect the demonstration of 
science talent. 

i£arl> in my observations I thought I had clues to the answer to this 
perplexing question. Apart from special schools whose practice wa^^ and is to 
select science-prone students for admission by a series of tests, why do 
certain schools with heterogeneous populations seem to succeed in develop- 
ing a rich environment in science and mathematics in which the potential lor 
science talent is expressed, while others with a similar student population are 
relatively devoid of such an environment? 

Siegler and Kotovsky (1986) in considering the question **What will be 
the most fnutful approaches for research on giftedness in the next 5 to 10 
years?" suggest. 

One useful approach would be to focus on people in the process of becoming 
productive—creative contributors to a field, for example, high school students 
who win Westinghouse Science Competition prizes; ... [or students] who publish 
articles in nationally ciiculated magazines, or who have their drawings shown in 
major exhibit. Members ^f these groups are of special intr test for two reasons. 
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They already *.ave made creative contributions— they have not just learned to 
perform well on tests— but they are still in the process of becomtPg eminent 
(P- 434) 

And so 100, Julian C. Stanley, Director of the Study of Mathematically 
Precocious Youth at Johns Hopkins University, states in the Phi Delta 
Kappan(\9%l. June), 

I firmly believe that a residential state high school of s^^ience and mathematics 
should follow the lead of those prestigious programs (referring to those in the 
Bronx Hyh School of Science and Stuyvesant High School, both in New York 
City] by preparing most of its students to compete in the Westirghouse Science 
Talent Search when they are seniors To do less is to underdevelop the investiga- 
tive scientific spirit of highly talented students * (p 771) 

Further, Robert D. MacCuruy's study (1954) of 600 men and women who 
had been awarded honorable n^^ntions or were finalists in the Science Talent 
Search further suggests its validity as a measure of manifest originality in 
science. E. G. Sherburne, uirector of Science Service, which adm'nisters'* 
Science Talent Search, stated (1987), 

The Science Talent Search is unusual among scholarship competitions in that it 
puts primary emphasis on the quality of a paper reporting an independent re- 
search project in some area of science, engineering, or mathematics and only 
secondary emphasis on academic achievement. 

In short, the evaluation is on the basis of the student 's ability to "do" science in 
a way that is analogous, though at a less sophisticated level, to what a profes- 
sional scientist does (italics ours). To use a sports analogy, one does not test a 
student's ability to play tennis by giving a paper-and-p«ncil test. One puts the 
student on the tennis court to play so the performance can be observed 

For the purposes of this book, then, it is useful to add to the literature the 
thrust of the Science Talent Search in respect to the place of the school in the 
ecology of achievement that results in the emergence of young who are 
manifestly originative in science and mathematics. As I see it, the ecology of 
achicvemen* conducive to performance in science, and thus to demonstration 
>f science talent, assumes a certain constellation This ecology calls for an 
appropriate curriculum to include an individual investigation; a mode of 
instruction necessary to pursue independent investigation; and the mentors 
essential to guide and advise those as firing scientists, who are willing to enter 



•Note that Stanley recommends "preparation to compete" — not an insistence 
on con^peting. Preparation would mean giving students an opportunity to perform, 
that is, to do an investigation, the major requirement of the Science Taieni 
Search. Note, too, that, as my investigations disclose, a number of students did not 
choose to compete (see pag^ 95, note). 
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the Search, in the problems attending individual effort. (On this, see 
Brandwein and Morholt, 1986.) 

In the period 1952-1962, I had the opportunity to study the science 
programs of 103 schools. I was able to select 22 of these schook fo** further 
study and to visit 1 7 of these heterogeneous schools two to four times during 
this period.* These 17 had a somewhat similar socioeconomic group of 
students and similar high levels of acceptance to colleges and universities; 
all, confirmed by my observations, had developed effective science and 
mathematics departments. All had developed channeling and augmenting 
environments; the ktter gave opportunity for performance in an investiga- 
tion requiring originative work on the high school level. In the period 1944 
through 1954, the records of the 22 in the Science Talent Search /ere as 
follows (please refer to table 1, page 91). 

Recall that participation in the Westinghouse Science Talent Search is 
voluntary among hundreds of schools in the nation. The 22 schools in my 
study do not compose a statistical sample but are studied (aside from the 
select schools) because of their similarity to the school in which my teaching 
was done and the one that gave me opportunity to carry on work with the 
talented in science. 

Schools 1, 3, and 7 had populations selected by tests specially designed to 
attract those with "science potenti il"; schools 9 and 1 1 were independent 
schools with selected populations and high socioeconomic levels; the remain- 
ing schools had heterogeneous populations, with somewhat similar socioeco- 
nomic levels. School 13, which selects its students for ability in performing 
arts, is especially interesting. 

My observations and notes, based on checklists and honed by work for the 
Board of Examiners of New York City in selecting individuals seeking 
admission to the posts of science teacher or chair of a science department, 
show that all of the 22 schools offered exceptional course work. Their success 
in placing students in "sought after" colleges and universities was consider- 
able. 

Within the 103 schools, I also had opportunity to study another sample of 
1 7 schools that served as a control group, these 1 7 schools did not enter the 
Search. Explicit statements by 14 heads of departments and/or deans of the 
1 7 schools summarized their belief that the training of scientists could well 
be left to the universities. Th^ explicit policy of their schools was the task of 
preparation for future study in universities where further extended prepara- 



•Certain of my observations dunng this period were part of my functions as 
chair of the Gifted Student Committee of the Biological Sciences Curriculum 
Study (BSCS) as well as those of a member of the steering committees of both 
BSCS and the Physical Science Study Committee (PSSC) 
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Table 1 

Westinghouse Science Talent Search 1944 Through 1954* 



School Finalists Honorable Mentions 



1 

1 


1 7 


70 




17 


C7 




17 
1 / 


J J 


A 


Q 
0 


**k 


J 


0 
0 


1 0 


4: 
o 


0 
0 


Q 
O 


7 


7 
/ 




fi 

0 


D 


JO 


Q 




1 

J 


in 






1 1 

1 ■ 


1 


u 


15 


1 
1 


1 7 




7 


J 


14 


2 


1 


15 


2 


0 


16 


1 


1 


17 


0 


5 


18 


0 


0 


19 


0 


0 


20 


0 


0 


'* 1 


0 


12 


22 


0 


2 



Key Schools K 3» 7 — select schools for science (based jn entrance examinations) 
Schools 9, 1 1 — independent schools 
School 13 — a school of performing arts 

School 2 — Forest Hills High School* a :hool vi»h a heterogeneous 
population^ furnished the students includ":! in this 10-\ear 
study and the one summarized in "Apprtnticeship to Weil- 
Ordered Empiricism" in this volume 
The remainder are schools with heterogeneous populations 



•Grateful thanks to Dorothy Schriver and Carol Lus7C7 of Science Service, 
Washington, D C , for their aid in suppl>ing rr.e with the data from past Westing- 
house Science Talen* Searches 
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tion would be available for chosen careers, especially science, but also most 
areas of scholarship involving research activity. This view seemed acceptable 
and generally was found to be the prevailing one. Indeed, Lloyd G. 
Humphreys ( 1 985) reports that "differences among chemistry, physics, geol- 
ogy, and engineering measures of attainment are obviously produced during 
postsecondary education'* (p. 344). 

In the schools that did not make the effort to enter the Search, there was a 
demonstrated absence of the individualized instruction and mentors neces- 
sary to help students do "an experiment/* that is, to express their potential 
through performance. For example, a special sample of 1 8 of the 103 schools 
consisted of schools with populations under 600-1,000 st ^rnts. There were 
15 in rural areas that were unable to organize a program of 4 consecutive 
years of science and did not have the facilities for individual research (in an 
augmenting environment). However, 3 of the 1 8 attempted a mentorship 
program for those 6 students who aspired to careers in science. 



Another Aspect of the Ecology 

After I had left Forest Hills High School to take the post of Director of 
Education for the Conservation Foundation (now situated in Washington, 
D.C.), my colleagues in the school continued their work in the program with 
somewhat similar si :cess. Then, three of them were promoted to the chairs 
of science departments in three schools in different areas of New York City, 
areas where the culture was not disposed toward intensive work in science 
and mathematics and where the teachers were not specially trained in experi- 
mental protocol and techniques. The records of these schools in the Science 
Talent Search were not noteworthy — three honorable mentions in five years. 
In spite of the efforts of these highly effective teachers and supervisors, the 
nature of the population and the environment per se (parts of our ecology of 
achievement) were not then conducive to the development of science-tal- 
ented individuals, as measured either by their own standards or those of the 
Science Talent Search. That is to say, a channeling environment and aug- 
menting environment in science in a given school may not function if the 
culture (a part of the ecology of achievement) is not disposed to support or 
interact with it. 

Still another factor, seemingly minor but worthy of attention, was the 
availability of laboratory assistants educated sufficiently to supervise indi- 
vidual laboratory work. Without such staff, it was necessary for a teacher- 
mentor to be available to ensure safe use of equipment and substances while 
students were doing individual experimentation. This safety factor, rarely 
considered, acts as a block to individualized experimentation in science 
throughout the country. But it seems clear that necessary to place students in 
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the finalist or honorable-mention categories in the Science Talent Search are 
a student body with a sufficient number possessing the genetic, predisposing, 
and activating factors and a supportive community cognizant of the signifi- 
cance of science in our culture. One aspect of participation in the Search 
depends on a certain performance in solving a scientific or mathematical 
problem and, therefore, on an environment thai supports the activities facili* 
tating the performance. It can also be demonstrated that whether or not an 
ecology of achievement undergirding science talent exists and persists in a 
school depends at least en these or similar factors: 

• the early education of children in the home environment and the behavior 
necessarily reinforced in the community 

• the early schooling and education of the student population within the 
school and community 

• the policies of the school and community as they affect a decision to enter 
the Search* 

• the preference of the school to offer special opportunities in an augmenting 
environment for the gifted, and, moreover, the ability of the school or 
community to provide for the one or the very few who aspire to a career in 
science 

• the decision of students who, for various reasons, apply to enter or decline 
to enter the competition 

• the recognition by the faculty, supported by the community, that it is the 
performance of the student in a work that is significant; its caliber anH 
completion is itself a test, whether or not the student enters the Search 

• the judgment that science is a collaborative enterprise, in which a given 
work reflects the antecedent and present efforts of many with different 
functions, levels of ability, and skills 

All are essential to an ecology of achievement, which must be considered 
as a whole. Thus, the devehpment of all — of high and modest ability — who 
can contribute on whatever level plays a part in sustaining the ecology. 

On the other hand, in those schools that entered the Search, the belief 
prevailed that the young aspiring scientist or mathei aician might well 
benefit from the judgment of others, just as writers, musicians, painters, and 
other artists, and, of course, athletes, submit their work to the review of 
expert and peer. It was interesting to determine whether schools (table I) 
maintained a steady course in the Search over the years, say a quarter of a 
century later. Below (table 2) are the 1 942- 1 988 distributions of finalists and 
honorable mentions from the same schools studied earlier (1944 through 
1954). 



*This is not, however, intended to convey the impression that schools need 
prove themselves through participation in the Science Talent Search. 
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Table 2 
Top High Schools in 
Westinghouse Science Talent Search 1942-1988* 



School 


Location 


Winners 

TV 111 11 VI 9 


Bronx H3 Science ( I )3 


New York, NY 


106 


Stuyvesant HS (3) 


New York, NY 


63 


Forest Hills HS (2) 


Forest Hills, NY 


42 


Erasmus Hall HS (8) 


Brooklyn, NY 


31 


Evanston Township HS (6) 


Evanston, IL 


26 


Benjamin Cardozo HS 


Bayside, NY 


25 


Midwood HS (4) 


Brooklyn, NY 


20 


Jamaica HS (22) 


Jamaica, NY 


19 


Martin Van Buren HS 


Queens Village, NY 


15 


Brooklyn Technical HS (7) 


Brooklyn, NY 


I! 


Central HS 


Philadelphia, PA 


1! 


Abraham Lincoln HS (5) 


Brooklyn, NY 


I! 


Hunter College HS 


New York, NY 


9 


Lyons Township HS 


La Grange, IL 


9 


New Rochelle HS(IO) 


New Rochelle, NY 


9 


Coral Gables Senior HS 


Coral Gables, FL 


9 


North Phoenix HS 


Phoenix, AZ 


9 


Phillips Exeter Academy (9) 


Exeter, NH 


8 


Melbourne MS 


Melbourne, FL 


7 


Newton HS(16) 


Newtonville. MA 


7 


Ramaz HS 


New York, NY 


7 


Niles Township HS West 


Skokie, IL 


7 


Columous HS 


Marshfield, WI 


7 


Stephen Austin HS 


Austin, TX 


7 


Woodrow Wilson HS 


Washington, DC 


6 


Wakefield HS 


Arlington, VA 


6 


Princeton HS 


Princeton, NJ 


6 


Nova HS 


Fort Lauderdale, FL 


6 


James Madison Memorial HS 


Madison, WI 


6 


Alhambra HS 


Alhambra, CA 


6 


McLean HS 


McLean, VA 


6 


Eugene HS 


Eugene, OR 


6 



^Thc numbers in parentheses refer to the schools' coding in table 1 
Note plcaic, while only winners are listed, the order of listing may be mterestmg What is 
significant in the above is the relative stability over 40 years of the ecologies of achievement 
of certain partripating schools (See below "Select and Heterogeneous Schools ") 

•Grateful acknowledgment goes to Dorothy Schriver and Carol Luszcz of Science Ser- 
vice for furnishing the dr ^ in table 2 



Select and Heterogeneous Schools 

It is clear from the data in tables I and 2 that two of the select schools of 
science maintained their positions; they had maintained a steady ecology of 
achievement. Essentially, select schools accomplish this not only by the 
selection of their populations of students, but also by the support of parents 
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(a gathered community), the continued support of the boards of education or 
boards of advisors, and the selection of teachers, as well a^ the maintenance 
of their channeling and augmenting environments. Others with heteroge- 
neous populations retained their presence over the years. Some schools that 
were not present in the earlier study have now begun to make significant 
showings. One set of assumptions may explain some of these trends: 

• Select schools have developed their own following, a dispersed but like- 
minded community, a kind of homogeneity. Therefore, they have main- 
tained and sustained their niche in an ecology of achievement. 

• Over a period of time, populations in heterogeneous communities may 
change economically, politically, socially, and, thus, in the objectives of their 
schooling. It follows that, in a given school where there are strong efforts to 
maintain an augmenting environment, there may be temporary changes in 
administration, faculty, student body, or community support. Such changes 
could affect not only interest in or commitment to science and technology 
and the school's own ecology of achievement but also the ecology of the 
community. 

Nonetheless, over the years, within a given geographic area the relative 
total number of finalists and honorable mentions coming from heterogeneous 
schools (however they shift in identity) compares favorably with that of the 
select schools. The ratio of achievement of heterogeneous to select schools in 
a defined geographical area seems to be fairly steady.* And it is clear that 
the vast majority of students attend heterogenrc^us schools. As do the select 
schools, the heterogeneous schools (in communities that have developed 
notable ecologies) may also serve as models affecting the establishment of 
channeling and augmenting environments for communities in the surround- 
ing areas. Thus, the Science Talent Search, reflecting as it does the achieve- 
ment of certain students, is not only a demonstration of individual talent but 
a demonstration, as well, of the presence of an ecology of achievement in 
home, school, and community. 



^Discussions with several administrators of schools indicated that they v^ere 
loath to enter a national competition in which the number of prizewinner.* was 
drastically limited Is it possible that Science Talent Searches held annually in d\\ 
the 50 states might serve to attract students at a variety of levels of ambition to 
seek a lifework m science? The National Science Talent Search might then be 
extended to draw on the combined populations involved in 50 distinguishable 
Searches 

However, many entrants have still another opportunity for recognition through 
State Science Talent Searches (33-43 in number depending on the year of the 
Search). The number of state talent searches has increased by approximately 25 
percent over the 40 years of the Search. The Science Service duplicates the 
written entries and forwards them to directors of the State Searches The states 
then conduct their own competitions, many of which offer numerous awards, 
including scholarships 
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Contrai ng Ecologies 

Recall that, as we have defined it, an ecology of achievement affecting a 
child embraces the sustaining environments of the home, peers, and commu- 
nity in the educationai functions that support the particular construct of 
schooling in that area. Thus, the performance of a child in schooling per se 
and, of course, in a particular area of performance — art, science, or athlet- 
ics — is not solely an outcome of the particular curricular and instructional 
practice in a given school but is a^so a test of the family and community 
support of both the education and schooling of the young. In sum, this 
support is not only exemplified in the attitudes of parents and in their 
competence in rearing their children but also is an earnest of the traditions, 
attitudes, and practices of the community reflected in the school. 

It is also necessary to remind ourselves that, even when there is evidence of 
a child's tendency to excel, superior — or mediocre or failing — performance 
is still not solely or even mainly an index of the child's potential. Performance 
on any given occasion may well be a reflection of the effect of an entire 
complex of prior environments within schooling as well as the educational 
opportunities (or lack thereoO and influences (good and bad) afforded by 
home, peers, and community. A case in point: hapless addiction to drugs of 
able young. We may not disregard, as well, the steady accumulation of 
disadvantages those already disadvantaged may not be able to set aside, that 
is, to overcome without constructive affection. (On this, see Bill G. Aldridge 
and Deborah C. Fort's paper in this volume.) 

Recall Tannenbaum's reflection on the cyclical nature of interest in the 
gifted. In his paper (1979), he documents an easily verifiable observation: 
that gifted children as a special group have been "alternately embraced and 
repelled with so much vigor by educators and laymen alike" (p. 5). It is also 
observable that certain states or communities with a notable dropout rate 
may, in the same period, also have schools with notable records in admission 
to elite universities— and, in fact, notable records in the Science Talent 
Search. Nonetheless, the schools that I have observed promoting the kinds of 
channeling and augmenting environments that make provision for the gifted 
(described here, in "Apprenticeship to Well-Ordered Empiricism," and in 
Passow's papers in this volume) also provide well-planned programs for the 
disadvantaged. The effectiveness of these programs is reflected by the con- 
siderable improvement in the tendency of the disadvantaged young in these 
schools to continue there (in contrast to the high dropout rates elsewhere). It 
may well be that the philosophy and practice of most of these schools is to 
attempt to provide for all their young. In my experience, Tannenbaum's 
remark about the swings in affection and disaffection for the gifted also 
applies to the disadvantaged. 

On the other hand, throughout the country, we appear to alternate in our 
attention to the schooling of our gifted and, then, to that of our disad- 
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vantagcd. These cycles or the recurrent formula of our **crij»es*' in schooling 
have been well documented. We find too often a periodic rise in concern 
about the effectiveness of our schools stimulated by the momentary promi- 
nence of some event such as rises and falls in test scores, or Sputnik, or the 
economic success of another nation, or possibly our failures at the Olympics. 
If serious enough, this concern is followed by a period of vigorous effort 
mounted, almost entirely, through "reform" of schooling— to ameliorate 
certain symptoms o*" the decline. In time, this is followed by another "fail- 
ure" of the schools. 

It is fairly easy to demonstrate that what is considered to be a general 
failure of the public schools is in effect a failure within the ecologies of 
achievement. To repeat, it is rare to find an effective school within a commu- 
nity that does not support its schools and teachers. However this may be, 
there remains undeniable evidence that an individual's traits are the result of 
the interaction of heredity and environment at any point in development. 

To recapitulate, we understand the term environment, in respect to its 
various effects on the traits of the young, to mean precisely the effects of the 
ecologies of achievement that are at the heart of this discou.se. At this point, 
it is observable that the environments conducive to developing our young's 
learning capacities and personal growth have not achieved the stability that 
reduces oscillations in the effectiveness of the communities — whatever their 
precursors in political, economic, or social events — which support schooling 
and education. In time, these oscillations may become intolerable. It remains 
to be seen whether an open society can maintain the requisite stability of a 
schooling system that can respond equitably to its supreme responsibility of 
attending to the future of all its young in their various capacities. It is 
obvious that in so doing we attend to our own future, as is required of a 
society that acquits itself so nobly in a document beginning with that epipha- 
nous phrase, "We, the people " 

The Need for the Talented in Science 

However this may be, the worid is in dynamic change. Daniel Bell (1973), 
among other observers, made the case eariy on that essential individuals in 
industry in the decades to come will be those centered in science and math- 
ematics. The postindustrial society is here; it has global consequences; we 
now accept that the scientist and science-trained individual are necessary to 
the well-being of present and future societies. However, it is not the scientist 
of earlier years whom we seek; we need individuals educated in societal as 
well as scientific aspects. We need not only biolog;sts, chemists, physicists, 
geologists per se; they are required, in a certain measure, to be ethicists as 
well. For scientists, through their discoveries, have indeed made the planet a 
global village. 
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Perhaps it will now be necessary to consider whether it is not a general 
function of schooling to design the channeling and augmenting environments 
that evoke the potential of those whose driving interest is to think and do 
science and technology, if so, it will become clear that these environments 
cannot all be sequestered in a limited number of select science schools. The 
young who are to seek their lifework in science must come out of the schools 
that exist, and these, for the vast majority, are part of some 15,000 school 
districts across the country serving mainly heterogeneous populations. 
Should not all the young have available a mature ecology of achievement in 
which they can fulfill their powers in pursuit, of their personal swath of 
excellence? 

It has been shown in earlier periods of work on the gifted; and again in the 
most recent spurt of activity in research on the gifted young; and further in 
this paper and in this volume in the accounts of a number of scholars; and it 
has been and is being shown through the validating data of the Science 
Talent Search that it is feasible to develop programs that bring forth the 
young who may become our future scientists at various levels of originative 
work. We do not, in my view, find the science talented through papcr-and- 
pcncil tests of creativity or necessarily in those whose abilities are reified in 
the IQ, The confluence of traits and competencies of the young secured in 
antecedent environments and reflected in a performance, that is, in a work, 
more nearly reflects the scientist's processes. The process is central to our 
thesis that the completion of such a work is a sign of talent in science. 

A strong hypothesis may thus be advanced: The demonstrated opportunity 
of the school to develop the curriculum and instruction devised as the 
channeling and augmenting environment, enabling individualized work in 
science, and tre demonstrated ability of the student to plan and complete an 
experiment or theoretical analysis, with the meticulous application required, 
may well be a valid test of science talent. The hypothesis is in support of 
Wallach's (1985) suggestion that creativity in a specific field, say science, 
might be a "by-product of field-specific instruction" (p. 115). 

Schools are filters of feasibilities. In the environments they construct lie 
the seeds of the destinies in which the young and their various but remark- 
able capacities find perdurable ways of advancing the culture. 

Reflections and Conclusions 

Recall that Gregory Bateson remarked, when asked to define "scientific 
truth," that he contented himself with this definition. "What remains true 
longer does indeed remain true longer than that which docs not remain true 
as long" (1979). 

As one who aspired to spend his life in science and once was welcome aiid 
worked in various laboratories, 1 am keenly aware that in the field of study 
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^allcd •*giftcdncss and/or talent " wc arc not yet in the area we may call 
science. In this aixa, we are still in a science of practice and not of the 
laboratory. We are beginning to know something of the kinds of environ- 
ments that may bring forth the metamorphosis of potential into perfor- 
mance. Wc may know more of one part of the dyad, the environments that 
encourage potential, than we know of the other part, the genes that are basic 
to performance. 

There are thus certain clusters of paired reflections and conclusions I am 
obliged to put before you. 

First: We are teachers. We are obliged therefore not to use the young as 
implements of our particular sociopsychological warfare in measurement 
or method. Because we cannot change the genetic complexes in the young 
that come to us, we are obliged to take the only cour^ available to us: to 
change the environment to fulfill the powers of the young so that they may 
pursue the best course of development within their capacity. For the facts 
are these: An individual is the result of the interaction of inherited genes and 
of environment; this interaction occurs at every moment in the course of 
development. Yet, although the concepts of the ecology of achievement and 
the dyad (in numerous diverse phrases) are, and have been, strongly evident, 
the culture generally and societies specifically continue to attribute to each 
individual aptitudes, attitudes, and achievements without reference to aug- 
menting or suppressing environments. Indeed, the attempt is to reify an 
individual's history in a single measure— the IQ. i^ot in works, not in 
achievements, but in a measure of potential that does not describe the 
individual's advantaged or disadvantaged prior history. 

Indeed, our study and numerous others support this hypothesis: The abil- 
ity to apprehend the arts of investigation and to complete an empirical 
study is, in conjunction with other indices, a better predictor of future entry 
irto successful scientific work then are paper-and-pencil tests of creativity. 

In other words, not only the work but also the doing summarizes the 
originative traits found in the self. The painting, the musical score, a build- 
ing's architecture, the scientific or entrepreneurial act of creation— these 
furnish pictures of the self in the act of creation. We are thus required to wait 
until geneticists have analyzed the DNA of a host of gifted and talented 
grandparents, parents, and young (for genetics is a study of families) to 
determine whether attributes of talent are inherited, and if so, in which gifts 
or talents. 

I conclude, then, that we are obliged— no, required— to develop the most 
fruitful course of development in the schools: a channeling and augmenting 
environment fulfilling the most generous of auguries. These environments 
are to nurture in fruitful curriculum, instruction, and mentorship the aspira- 
tions of all young who wish to demonstrate a talent in science through 
performance in the arts of scientific investigation. 
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Second: We work in an admirable environment, the architecture of a long 
cultural history: the school. But the school is not an isolate; it is part of an 
ecology of achievement affected by and participating in all the activities 
accomnodating the particular community, society, nation, and culture of 
which it IS a part. Just as a gaunt deer is not generally to be found in a rich, 
capacious forest, so a poorly supported school is not found in an effective 
community, state, or nation. Put another way, the human is the result of 
interaction of a biological and social (cultural) environment of which one 
important environment is the school. 

I am obliged to conclude that the environment of the young who will 
eventually act to conserve, transmit, expand, and correct the culture consists 
of all the advantages the entire school-community-nation can and should 
offer and afford to offer. We are acutely aware that the talented, whether 
scientists or not, whether giants or auxiliaries maintaining giants, or the 
young not yet tall enough do not — and canno*— complete their work in 
isolation. 

We know enough about curriculum and instruction and administration; we 
are competent and compassionate enough to develop models of apprentice- 
ship in science to fit all manner of competency. If we will it. Further, there is 
evidence that both select schools and those with heterogeneous populations 
design and utilize similar models of channeling and augmenting environ- 
ments. 

I conclude, then, that both select and heterogeneous schools can develop 
appealing and adequate models of curriculum and instruction that channel 
and augment the interests and abilities of all who wish to enter the various 
levels of excellence required in science. 

Third: We know enough about the traits of scholars, whether scientists or 
artists, to afford them sufficient opportunity. Our society cannot speedily be 
made perfect, although we — in the United States — are fortunate enough in 
minds and resources to travel that long and tortuous road. If we would. But 
the pieces of the constructs of most excellent schools are everywhere; while 
society is not yet perfectible, the school, an instrument of society, is a small 
enough community to approach the perfectible within an appreciable, even 
predictable, time. 

I am obliged to conclude that within a society intending perfectibility, the 
schools may be exemplars in the design of a perfectible social construct — an 
ecology of achievement —for developing youth. For in the schools lie our 
future resources of mind and pcrsonhood. It is entirely conceivable, then, if 
the perfectible school could become a prime objective in the humane use of 
human beings, then talent would indeed be a by-product of study in a field 
freely chosen by each individual. 

In a sense, our schools are strong signs of our character. They are bulwarks 
against the enemies that plague us: ignorance and indifference, mindlessness 
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and mcaninglcssncss. They are ^igns of our persistent, character-rooted 
fjassions: It is better to know than not to know. They are signs of our intent—^ 
to construct an open society in which all of us, without coercion, can behave 
as if we could find out what is true. 
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The Unique and the 
Commonplace in Art and in 
Science 



Gunther S. Stent 



In the U of 1974, in the first issue of the new journal Critical Inquiry, there 
appeared a 50*page essay on the relationship of art and science by the 
University of Chicago musicologist Leonard B. Meyer. Meyer began his 
es.^'^y by pointing out that for the past few decades the relationship between 
art and science has been the subject of a lot of confusing debate. Much of 
that confusion Meyer attributes to doubtful analogies made by such people 
as "Gunther S. Stent, a molecular biologist . . . [who represents] a viewpoint 
noi infrequently espoused by scientists, and occasionally by agists and lay- 
men as well . . . Like a number of other writers. Stent contends that in 
essential ways science and art are comparable" (p. 163). Although Meyer 
expresses his sympathy for my attempts to bring the so-called Two Cultures 
together, he doubts that their viable union can be achieved by ignoring or 
glossing over important differences. Meyer says that he will argue in his 
essay that my ''union between art and science is a shotgun marriage, not one 
made in heaven, and that [my] attempt to wed different disciplinary species 
results not in fertile but barren misconceptions" (p. 163). Meyer then implies 
that a shotgun marriage between the Two Cultures is bound to fail because 
artist and scientist can only make a go of what in California we call a 
significant relationship if they take in also a humanist as a roommate. 

I felt honored that a brief popular article on art and science that I had 
published two years earlier in the Scientific American had become the 
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subject of a lengthy scholarly essay by a leading theorist of the arts (Stent, 
1972). But I was quite surprised by Meyer's critique, because I had believed 
ail the while that in my article 1 had presented merely a watered-down 
version of what I thought were Meyer's very own views. His excellent book 
Music, the Arts and Ideas (1967) had actually been the main source of my 
own ''L%M about the nature of art in the first place. 

Meanwhile, in these past 13 years I have often wondered why these 
debates about the relation of art and science are so confusing, why it seems 
self-evident that art and science are essentially similar, and yet, as Meyer 
rightly claims, also essentially different. Finally I came to realize that at the 
root of the difficulty is the unsolved, and possibly insoluble, deep problem of 
senuintics, namely to say what it is that we are saying about a structure when 
wc say that it has "meaning." 

My 1972 Scientific American article had been inspired by my reading of 
the many reviews (and preparing a review myself [ 1 968]) of James Watson's 
autobiography The Double Helix (Watson, 1968/1980). These reviews had 
appeared immediately after that book's publication in the spring of 1968. 
Probably more than any other book, Watson's personal account of his and 
Francis Crick's discovery of the structure of DNA contributed to the present 
decline of the traditional view that science is an autonomous exercise of pure 
reason carried out by disembodied, selfless spirits, who are inexorably mov- 
ing toward an objective ^-^owledgc of Nature. 

The reviews of The Double Helix, almost all of them written by scientists, 
turned out to provide (mainly unwittingly) as much insight into the sociology 
of science and into the moral psychology of contemporary scientists, as did 
the book itself. Peier B. Medawar (1968) was one of the few early reviewers 
who recognized the considerable literary merits of Watson's book. He pre- 
dicted that it would become a classic, not only in that it will go on being read, 
but also in that it presents an object lesson on the nature of the creative 
process in science. Two other scientist-reviewers, both about to become best- 
selling authors themselves, also identified The Double Helix as a future 
classic, namely Jacob Bronowski (1968) (of the TV series The Ascent of 
Man) and Alex Comfort (1968) (about to become a millionaire with his The 
Joy of Sex), 

But the biochemist Erwin Chargaff ( 1 968), who has himself an important 
role in Watson's story, found as little merit in Watson's literary attainments 
as he had found in Watson and Crick's discovery of the DNA structure in the 
first place. Not only did Chargaff not care for Watson's book, but he 
declared that scientific autobiography is a most awkward literary genre. The 
reason for this awkwardness is, according to Chargaff, that scientists are dull 
people who, he says, "lead monotonous and uneventful lives ..." (p. 1448). 

But why are the lives of scientists so monotonous and uneventful, in 
contrast to the exciting lives of, say, anists, which make much less irite 
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biographical subjects? Because, according to Chargaff, there is a profound 
difference in the uniqueness of the creations of artists and of scientists: 
'Timon of Athens could not have been written, *Les Demoiselles d'Avignon' 
could not have been painted, had Shakespeare and Picasso not existed. But 
of how many scientific achievements can this be claimed? One could almost 
say that, with very few exceptions, it is not the men that make science, it is 
science that makes the men. What A does today, B and C and D could surely 
do tomorrow" (pp. 1448-1449). 

On reading this passage, I was surprised to find Chargaff embracing the 
"great man" view for the history of art, that is to say, regarding the develop- 
ment of art as wholly contingent on the appearance of a particular succession 
of unique geniuses, while at the same time viewing the development of 
science from thf Hegelian or Marxist perspective of historical determinism, 
which sees history as shaped by immutable ibrces rather than by contingent 
human agency. Since I found it hard to believe that Chargaff would really 
hold such incoherent ideas, I suspected at first that he had made his point 
about the irreplaceability of Shakespeare and the replaceability of Dr. A 
only to downgrade the importance of Watson and Crick*s discovery. But I 
soon found that my susp-'^ion was quite mistaken. In the following months, I 
asked many scientific friends and colleagues whether they too think that the 
achievements of art are unique whereas the achievements of science are 
inevitable, and hence commonplace. To my surprise, I found t^it most of my 
respondents (including Francis Crick [1974] himselQ agreed with Chargaff 
in believing that we would not have had Timon of Athens if Shakespeare had 
not existed, but if Watson and Crick had not existed, we would have had the 
DNA double helix anyway. Therefore, the deficiencies of the proposition of 
differential uniqueness of the creations of art and science do not seem to be 
as self-evident as I had thought at first. Accordingly, I wrote my little 
Scientific American article to show why this proposition has little philosophi- 
cal or historical merit. 

Semantic Content in Art and Science 

In order to examine the proposition of differential uniqueness of creation, I 
provided an explicit statement of what I understand to be the meaning of the 
terms "art" and "science." Both art and science, I wrote, are activities that 
endeavor to discover and communicate truths about the world, about the 
reality in which we live our lives. Thus, art and science share the central 
features of discovery and communication, and hence both involve the search 
for novelty and the encoding into a semantic medium the meaning of what 
has been discovered. Where art and science differ fundamentally is in the 
domain of reality to which the semantic contents of their works mainly 
pertain. The domain addressed by the artist is the inner, subjective reality of 
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the cmotioiis. Artistic communications therefore pertain mainly to the rela- 
tions between private phenomena of affective significance. The domain of 
the scientist, by contrast, is the outer, objective reality of physical phenom- 
ena C^entific communications therefore pertain mainly to relations be- 
tween public events. 

This dichotomy of domains iocs not mean, however, that a work of art is 
wholly devoid of fill outer meaning. For instance, a Canaletto painting com- 
municates sometbi^^ about the public phenomenon that was Venice of the 
settecenio* Nor does it mean that a work of science is wholly devoid of all 
inner meaning. Fw instance, Freud 's Interpretation of Dreams is addressed 
mairly to the private phenomena of the subconscious. 

Hence, despite this fundamental difference in their principal foci of inter- 
est, art and science actually form a thematic continuum, and there seems to 
be little point in trying to draw a sharp line of demarcation between them. In 
any case, the transmission of information and the perception of meaning in 
that information constitutes the very essence of both the arts and the sci- 
ences. In other words, works of art and works of science are not merely there. 
They have a semantic content; they are meant to mean something. 

So I was nov/ (eady to ask in my essay whether it is reasonable to claim 
that ^.ily Shakespeare could have f(»inulated the semantic structures repre- 
sented i*jr Timon, whereas people other than Watson and Crick might have 
made the communication represented by their paper published in Nature in 
April of 1953. Here it is at once evident that the exact word sequence of 
Watson and Crick's paper would not have been written if the authors had not 
existed, no more than the exact word sequence of Timon would have been 
written without Shakespeare, at least not until the fabulous monkey typists 
complete their random work at the British Museum. Thus paper and play are 
both historically unique semantic structures. 

But in assessing the creative uniqueness of a hnguistic structure, we are 
not concerned with its exact word sequence; we are concerned with the 
uniqueness of its semantic content. And so I readily admitted that it was very 
likely that :i) anwhile, even without Watson and Crick, other people would 
have published a satisfactory molecular structure for DNA. Hence the 
semantic content ot their paper would not be unique. 

As for the semantic intent of Shakespeare's play, however, I pointed out 
that the story of the tn^^ls and tribulations of its main character, Timon, not 
only might have brrn • Itt-n without Shakespeare but in fact was written 
without him. Sh A if.^^^ . ad iv.trtly "-eworked the story of Timon he had 
read in William Pj • lection of classic tales. The Palace of Pleasure, 
published 40 yeai^ f a;. Pairaer in turn had used as his sources the 
ancient authon. Plni.^.r'' and Liician. 

But then thn ere dv : r^pect of the play is not Timon's story; what counts is 
the novelty of the deep insights into the human emotions that Shakespeare 
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communicates with his play. He shows us here how a man may make his 
response to the injuries of life, how he may turn from lighthearted benevo- 
lence to passionate hatred toward his fellow men. Can we be sure that Timon 
is unique with regard to the play*s semantic essence? No, because who is to 
say that had Shakespeare not existed no other dramatist would have commu- 
nicated very similar insights? Another dramatist would surely have used an 
entirely different story to treat the same theme (as Shakespeare himself did 
in his much more successful King Lear), and he might have succeeded in 
pulling it off. 

Hence we are finally reduced to asserting that Timon is uniquely 
Shakespeare's (or maybe the Earl of Oxford's) because no other dramatist, 
although he might have communicated to us more or less the same insights, 
would have done it in quite the same exquisite way as the Great Bard (of 
Stratford or Oxford). 

But here we must not shortchange Watson and Crick by taking for granted 
that Doctors B, C, and D, who eventually would have found the structure of 
DNA, would have found it in just the same way and would have published a 
paper that produced the same revolutionary effect on contemporary biology. 
On the basis of my personal acquaintance with the people engaged in trying 
to uncover the structure of DNA in the early 1950s, I expressed my belief 
that if Wp.tson and Crick had not existed, the insights they provided in one 
single package would have come out much more gradually over a period of 
many months or years. Indeed, as Medawar found in his review of The 
Double Helix, the great thing about Watson and Crick's discovery was ""its 
completeness, its air of finality" (p. 3). Medawar thought that ""if Watsor 
and Crick had been seen groping toward an answer, ... if the solution hau 
come out piecemeal instead of in a blaze of understanding, then it would still 
have been a great episode in biological history" (p. 3). Rut it would not have 
been the dazzling achievement that it, in fact, was. 



Creative Processes 

Why, then, is it that so many scientists seen, to believe in both the uniqueness 
of artistic creation as well as in the commonplace, inevitable nature of 
scientific discoveries? In my article, I had put forward a variety of explana- 
tions, such as the scientists' lack of familiarity with the working methods of 
artists. Scientists tend to picture the artist's act of creation in the terms of 
Hollywood: Cornel Wilde, in the role of the onc-and-only Frederic Chopin, is 
gazing fondly at Merle Oberon, as his muse and mistress George Sand, while 
he is sitting down at the Pleyel pianoforte, and, one-two-three, he composes 
his '"Preludes." As scientists know full well, science is done quite differently: 
Dozens of stereotyped and ambitious researches are slaving away in as 
n&any identical laboratories, all trying to make similar discoveries, all using 
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more or less the same knowledge and techniques, some of them succeeding 
and some not. 

Artists, we niight note, tend to conceive of the scientific act of creation in 
equally unrealistic terms: Paul Muni, in the role of the one-and-only Louis 
Pasteur, is burning the midnight oil in his laboratory at the Institut Pasteur. 
He has the inspiration to take some bottles from the shelf, he mixes their 
contents, and. Eureka!, he has discovered the vaccine for rabies. Artists, in 
turn, know that art is done quite di^/erently: Dozens of stereotyped and 
ambitious writers, painters, and composers are slaving away in as many 
identical garrets, all trying to produce similar works, all using more or less 
the same knowledge and techniques, some succeeding and some not. 



Works and Contents 

A more serious obstacle than unfamiliarity with working methods to discuss- 
ing the problem of the uniqueness of creation is the apparently widespread 
confusion between works, on the one hand, and their contents, on the other. 
A play or a painting is a work of art, whereas a scientific theory or discovery 
is not a work of science but the content of a work, such as a book, paper, 
letter, lecture, or conversation. Thus, as formulated, ChargaiTs proposition 
of differential uniqueness is not even false; it is nonsensical, because it 
compares a work of art itself (Timon) rather than its semantic content with 
the content of a work of science (the DNA double helix) rather than with the 
work itself, namely Watson and Crick's famous Nature paper. 

Not only Chargaff but even Meyer, a theorist of the arts, seems unable to 
keep in mind the difference between works and their contents. I or Meyer 
asserts that there is a profound and basic difference between scientific 
theories, which he says are propositional, and works of art, which he says are 
presentational Meyer's antinomy between the propositional at le presen- 
tational is patently false, because all works, of science as well as of art, 
indeed all semantic structures, are "presentational" (in the sense rf being a 
concrete pattern that can be occasion for human experiences that arc found 
to be enjoyable, intriguing, and moving). By contrast, the quality of being 
"propositional" (in the sense of being a statement which aTirms or denies 
something, so that it can be characterized as true or false) pertains not to 
works but to their contents. And here it is the case that not every "presenta- 
tional" structure necessarily has a propositional content. For instance, Meyer 
rightly points out that a natural phenomenon, such as a sunset or Mt. 
Everest, is a presentational structure without propositional content One of 
our principal agenda items will, therefore, have to be the question of .''hether 
the contents of works of art do or do not resemble the contents of works of 
scierce in being propositfenal. 1 will return to this central question. 
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Outer and Inner Worlds 

Probably the most important of the reasons for the widespread acceptance of 
the proposition that artistic creations are unique and scientific creations are 
commonplace is the prevalence of an incoherent epistemological attitude 
toward the phenomena of the outer and inner world. The outer world, which 
science tries to fathom, is often viewed from the standpoint of naive realism, 
according to which phenomena and the relations between them have an 
objective existence independent of the human mind, and that this real world 
is as we see, hear, smell, and feel it. Hence the outer world and its scientific 
laws are simply there, and it is the job of the scientist to find them. At the 
same time, the innei world, which art tries to fathom, is often viewed from 
the standpoint of idealism, according to which phenomena and relations 
between them have no reality other than their invention by the human mind. 
Hence there is nothing to be found in the inner world, and artistic creations 
are simply cut from whole cloth. Here B or C or D could not possibly find 
tomorrow what A found today, because what A found today had never been 
there in the first place. 

This incoherent epistemological attitude is held also by Meyer (1974), 
who asserts that only scientists discover truths; they do not create anyl^lng, 
except maybe intrinsically ephemeral theories. After all, "the structure of 
DNA was what it was before Watson and Crick formulated a theory of its 
structure" (p. 165). The reason for this is, according to Meyer, that "we 
assume evidently on good grounds, that while our theories explaining nature 
may change, the principles governing relationships in the natural world are 
constant with respect to both time and place** (p. 165). Artists, by contrast, 
he says, do not discover anything; they create their works, which had no prior 
existence. 

In the 1960s and 1970s, Immanuel Kant*s definitive resolution of this age- 
old epistemological conflict of naive realism versus idealism made its impact 
on the human sciences, under the general banner of structuralism. Structur- 
alism emerged simultaneously, independently, and in different guises, in 
several diverse fields of study, for example in psychology, linguistics, an- 
thropology, and biology. Both naive realism and idealism take it for granted 
that all the information gathered by our senses actually reaches our mind; 
naive realism envisions that thanks to this sensory information reality is 
mirrored in the mind, whereas idealism envisions that, thanks to this sensory 
information, reality is invented by the mind. Structuralism, on the other 
hand, provide.^ lat insight that knowledge about the world of phenoinena 
enters the mind not as raw data but in an already highly abstracted form, 
namely as structures. In the preconscious process of converting the primary 
sensory data step by step into structures, information is necessarily lost, 
because the creation of structures, or the recognition of patterns, is nothing 
else than the selective destruction of information. Thus, since the mind does 
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not gain access to the full set of data about the world, it cannot mirror reality. 
But neither does it freely invent reality. Instead, for the mind, reality is a set 
of structural transforms abstracted from the phenomenal world. 

Both Commonplace and Unique 

This neo-Kantian, structuralist realism (it is a form of realism, in the sense 
that it does believe in an objective, albeit ultimately unfathomable, reality) 
leads to the recognition that every creative act in art and science is both 
commonplace and unique. On the one hand, every creative act is common- 
place, in the sense that there is an innate correspondence in the transforma- 
tional operations that different persons perform on the same primary data 
from inner and outer worids. That is, we are all humans. On the other hand, 
every creative act is unique, in the sense that no two persons are quite the 
same and hence never perform exactly the same transformational ope*ations 
on a given set of primary data. I therefore concluded my article by para- 
phrasing George OrwelPs famous oxymoron, saying that even though all 
creative acts in both art and science are both commonplace and unique, some 
creations may nonetheless be more unique than others. 

After these introductory remarks, I now come to the main poiat. Taking 
Meyer's essay as a typical contribution to the debate concerning tbe relation- 
ship between science and art, we can see that the source of the confusion is 
not so much the invocation of doubtful analogies of which Meyer accused me 
as the intractable nature of the underlying cognitive problems. To bring 
these problems into focus, let us first clear up the confusion inherent in the 
pronouncement made by Meyer that the term "discovery" pertains only to 
science, whereas the term "creation" pertains only to the arts. 

Creation and Discovery 

As I already noted, a scientific theory is an abstractwn made from the 
"natural wortd," which presents our senses with a near infinitude of phenom- 
ena. Hence, in their work, scientists necessarily select only a small subset of 
these phenomena for their attention. Thus, contrary to the naive realist 
outlook on the discovery of the DNA double helix, the structure of the DN A 
molecule was not what it was before Watson and Crick formulated it, 
because there was, and still is, no such thing as the DNA molecule in the 
natural world. The DNA molecule is an abstraction created by century-long 
efforts of a succession of biochemists, all of whom selected for their attention 
certain ensembles of natural phenomena. In other words, the DNA double 
helix is as much a creation as it is a discovery, and the realm of existence of 
the double-helical DNA molecule is the mind of scientists and the literature 
of science, and not the natural wortd (except insofar as that wortd also 
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includes minds and oooks). Hence, as applied to science, the distinction 
between discovery and creation is devoid of philosophical merit. 

Complex Truths 

However, Meyer's central objection to the explication of art and science as 
activities that endeavor to discover and communicate truths about the world 
lies in his claim that the concept of truth is simply not applicable to art. If 
Meyer's claim were valid, then the contents of works of art could not be 
prepositional (inasmuch as they would not be statements that affirm or deny 
something that could be characterized as true or false), and hence artists 
could not be said to "discover" anything. Artists would merely create presen- 
tational structures without propositional content, just as God creates sunsets, 
no one of which has a content of which it can be said that it is true or false. 
All the same, Meyer (1974) admits that, unlike sunsets, "great works of art 
command our assent. Like validated theories, they seem self-evident and 
incontrovertible, meaningful and necessary, infallible and illuminating. 
There is, w..flout doubt, an aura of 'truth' about them" (p. 184). But Meyer 
insists that in this connection "truth" is being used only in a metaphorical 
sense. Why? Because according to the naive realist standpoint from which 
Meyer approaches this deep problem, a literally true scientific proposition 
states what is actuall> &nd objectively, the case, i.e., what is directly or 
indirectly observable, in the real world. And since there are no imaginable 
observations that could test the validity of the content of a work of art, it 
could be said to be "true" only in a metaphorical sense. 

Viewing our cognitive relation to the world from the standpoint of struc- 
turalist realism, however, leads to a different literal concept of truth. Inas- 
much as reality, to which truth relates, is something which each person 
abstracts from a world of things, the notion of truth has to be more relaxed. 
Namely, a scientific proposition is true (for me) insofar as it is in harmony 
with my internalized picture of the world (i.e., my reality) and commands my 
assent. This literal meaning of truth is obviously not an objective one but a 
subjective one. It leads to the concept of objective truth only as long as I am 
convinced that a proposition that is true for me would command also the 
assent of every other person qualified to make this judgment. Here the ideal 
of an absolutely objective truth is reached only if God also assents to the 
proposition. And so from the structuralist-realist viewpoint, the use of the 
term "truth" in connection with the content of a work of art is not metaphori- 
cal at all: It is the very same literal usage as that applied to the content of a 
work of science. It is exactly by their command of assent that we come to 
believe also in the truth of scientific propositions. In the 40 years that I have 
spent as a working scientist, I have personally validated (if indeed validation 
is at all possible), or even examined the published records of the validation by 
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others, of only a small fraction of the scientific propositions which I believe 
to be true. The remainder simply conmiand my assent, for the same reasons 
that Meyer cites as the basis of the aura of truth of great works of art. 



A Continuum 

Let us now reconsider the thematic continuum presented by art and science 
with regard to their principal foci of interest in inner and outer reality. 
Music, which appears to be the purest art form and has the least to say about 
outer reality, lies at one end of this continuum. Accordingly, music shows the 
least thematic overlap with science, which lies at the other end. The content 
of works of music is more purely emotional than that of any other art form, 
because musical symbolism veiy rarely refers to any models of outer reality, 
to which it could never do justice anyway; the meaning of musical structures 
thus relates almost exclusively to inner models. Musical symbolism is able ♦o 
dispense with outer models because, according to Suzanne Langer (1948), 
•Hhe forms of human feelings are much more congruent with musical forms 
than are the forms of spoken language; music can reveal the nature of 
feelings with a detail and truth that language cannot approach" (p. 191). 
Hence, music conveys the unspeakable; it is incommensurable with lan- 
guage, and even with representational symbols, such as the images of paint- 
ing and the gestures of the dance. 

Thus, the position of an art form on this continuum — i.e., how close it is to 
science and the extent to which it is addressed to outer reality — seems 
closely related to the degree to which its symbolism is embedded in lan- 
guage. The visual arts^painting and sculpture— are still relatively "pure" 
art forms, as is poetry, which, althoufc* it docs resort to language as its 
medium, uses words in a quasi-musical form. But literature and drama, with 
their mainly linguistic symbolism and their close thematic ties to outer 
reality, while still addressing the inner reality of emotions, seem to lie 
halfway between music and science. Science is, of course, wholly dependent 
on language as its semantic modality 

All the same, the semantic transactions of art still pose a most difficult 
problem. What is the meaning of the propositions implicitly formulated in 
woiks of art? To what do the relationships exemplified by works of art 
actually refer? What are they about? Evidently the difficulty of answering 
these questions increases as we progress from science toward music in the 
thematic continuum. At the musical end of the continuum, where symbolism 
is incommensurable with language, these questions cannot be answered 
(verbally) at all. For instance, according to a legend quoted by Meyer, 
Beethoven, when asked what the Moonlight Sonata means— what it is 
about— v/eni to the piano and played it for a second time. Meyer finds 
Beethoven's answer not only appropriate but compelling. But Meyer thinks 
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that if a physicist were asked what the law of gravity is about and answered 
by letting some object fall to the ground, our inference would be that the 
physicist is trying to be funny. 



Kinds of Meaning 

I agree that Beethoven's response seems more reasonable than that of the 
uncooperative physicist, but not for the reason given by Meyer, namely that 
the Moonlight Sonata is not about the world and does not refer to anything, 
whereas the law of gravity is about the world and docs refer to something. 
Rather, Beethoven's response is reasonable because he was asked a question 
for which there is no adequate verbal reply, whereas the physicist's response 
is unreasonable because he could have said something. This then is the 
paradox: logic demands that since the Moonlight Sonata, exemplifying a 
relationship, has some meaningful content — as opposed to a sunset, which 
has not — it must refer to something, must be about something. Yet we 
cannot say what that something is. In thus being generally speechless regard- 
ing the meaning of music, we resemble the split-brain patients studied by 
Roger Sperry; the patients can recognize familiar objects seen in the left half 
of their visual field but are unable to Identify them verbally. 

As we move away from music toward science in the thematic continuum, 
through the visual arts to literature and drani. , verbal explanations of the 
meaning of art works, though still formidably difficult, become at least 
possible. Indeed, this is the very task to which hermeneutics is dedicated, the 
name given to the discipline originally concerned with the interpretation of 
sacred and profane texts but which has been extended more recently to also 
making explicit the implicit meanings that are hidden in a broad range of 
semantic structures (Gadamer, 1976). There would be massive unemploy- 
ment among contemporary hermencuticians — the Berkeley Center for Her- 
meneutical Studies would have to close — if Meyer's assertion were actually 
true that the contents of works of art do not refer to anything and are not 
about-the-world. Suppose, to stay with our original example, having just seen 
a performance of Timon, we asked a Shakespearean scholar, ''What does the 
play mean — what is it about?" — and he simply took us back to the theatre to 
make us see Timon for a second time. Would we not consider his response as 
disingenuously witty and as nearly improper as ihat of the physicist? That is 
not to say that if the scholar did give us his verbal interpretation of Timon, it 
would fully capture the semantic essence of the play. Depending on his 
hermeneutic skills, he could go some considerable distance toward giving us 
an idea about the play's deep meaning, and not just about its plot. But what 
would be most likely missing from the scholar's verbal interpretation of 
Timon is precisely that part of the play's meaningful content which is not 
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embedded denotatively in the text and which arises from it connotatively, 
thanks to the contextual situation created by Shakespeare. 

So we traveled a long way from ChargafTs reflections on the triteness of 
scientific autobiography to the bottomless depths of epistemology and cogni- 
tive philosophy. We saw en route that "art" and "science" are semantic 
activities that seek to discover and communicate truths about the re. Mty in 
which we live our lives, with art addressing mainly the inner world of 
emotions and science mainly the outer world of objects. That explication 
allowed us to identify one conmion source of confusion in discussions of the 
relationship between the arts and sciences, namely the false antinomy of 
works of art as semantic structures and the semantic contents of works of 
science. Once that confusion had been cleared up it became pi? in that works 
are unique in both art and science. 

We then noted one deep source of confusion in the discussion of the 
relationship between art and science, namely that the outer world, which 
science tries to fathom, is often viewed from the standpoint of naive realism, 
whereas the inner world, which art tries to fathom, is often viewed from the 
standpoint of idealism. This incoherent epistemdogical attitude leads to the 
false distinction that scientists merely discover what is already there — they 
do not create anything — whereas artists create someihing that had no prior 
existence — ^they do not discover anything. However, as soon as our relation to 
the world is viewed from the standpoint of structuralist realism, which 
envisages that the mind neither mirrors nor invents reality, but constructs it 
by a process of abstraction from the near-infinitude of phenomena, it be- 
comes evident that in both art and science discovery and creation refer to the 
same process. 

The most difficult aspect of the discussion tumed out to be the nature of 
the semantic content of works of art. Does the concept of **truth," which 
clearly applies to the content of works of science, apply also to the content of 
works of art? Here we saw that, when viewed from the standpoint of structur- 
alism, the concept of truth, as applied to scientific propositions, amounts to 
harmony with my internalized picture of the world, i.e., myxesAu ' and hence 
to conunand my assent. And since great works of art similarly harmonize 
with reality and conmiand assent, this concept of truth would apply to their 
contents as well. Nevertheless, as concerns t&e communication of truth, 
there is an important difference between art and science: Works of science 
communicate their truths explicitly in language, whereas the truths of works 
of art are communicated implicitly m linguistic, tonal, or visual structures. 
But what is the meaning of the truths implicit in works of art? What is the 
Moonlight Sonata actually about? Here we finally encountered a deep 
semantic paradox: Although we can capture the meaning of the content of a 
work of art, we may not be able to say what that meaning is. So even if the 
marriage of the IVo Cultures, art and science, were made in heaven, theirs 
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would not be the first significant relationship in which the spouses turn out to 
have some difficulties in talking to each other. So maybe it would be a good 
idea after all to keep a hermeneutic humanist as an interpreter in the Arts 
and Sciences household. 
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Programs: Certain 
Bases for Plannin^^ 
Curriculum and 
Instruction 



The Early Environment of the 
Child: Experience in a 
Continuing Search for 
Meaning 



My paper draws upon certain observations coming out of long study at the 
Rocper City and Country School for the Gifted, which I codirecl j for some 
40 years (Roeper and Roeper, 1981). I will comment on the nature of our 
studenU* development of what Gardner Murphy (1961) calls their ''innate 
capacity for effective reality seeking and testing" (p. 32); to me theirs is 
''experience in search of meaning** (Einstein's phrase). At appropriate 
points, I will relate this expenencc to what is learned and to the process of 
learning, including a consideration of the role d the teacher. My stress will 
be science in the broadest sense. Actually young children*s attention is soon 
drawn to what we call science, for it provides a handle to help understand 
some ci the world*s structures and patterns, 

What is the early environment at home and at school that encourages 
growth in all children? When a child is bom, one may say it is an intervention 
in home and society But it is also cl' that when a child is bom, a living 
learning environment creates itself. 1 . j from the child, the ever-leamer, 
that all learning originates and proceeds. Children*s growth is like the flow of 
a river, turning unexpected bends, running into hidden places and over sticks 
and stor \ going fast and slow, bubbling up at times, and even going around 
in circles or backwards. Children develop their own methods of learning in a 
special hollowing out of the environment. But gifted children*s learning 
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environment grows rapidiv from tiny beginnings to large spaces, visibly 
unique, or better, idiosyncratic. The impetus to learn, the process of it, the 
sheer force of necessity behind it are awe-inspiring to watch. It is like an ever- 
increasing whirlpool of biibbling water. 

All children make their presence known but the gifted child often makes a 
special impact in a profound way. As Sandra W. Scarr and Kathleen 
McCartney (1 983, April) see it, there seems to be an "avid reaching out" for 
new experience; what Murphy sees as striving to understand ''reality . . . 
exactly as a rationalist would seem to denumd" (p. 32). I would say ''exactly 
as a scientist would seem to demand." In fact, I believe that the child is the 
original scientist. Just like the adult scientist, the child seeks the truth, the 
reality of life. Just like the adult scientist, the child is driven to find out. Just 
like the adult scientist, the child starts from where he/she is, according to 
his/her needs and the reality of the moment, and ventures into new explora- 
tions. Just like the adult scientist, the child needs a laboratory to do the work 
of discovery. The child's laboratory, however, is first home and then school. 
He or she is not yet sophisticated in the ways of the world and nseds a 
guiding hand and a framework created by surrounding, nurturing adults. 
What is this inner learning environment like? 

Early Environment: Early Experiences 

In order to describe the environment, we must talk about the children — and 
the uniqueness of each child. Who is she? Who is he? What are his or her 
characteristics? All human beings share many characteristics and needs, and 
yet each is diflfereni. So children experience the world in similar and yet 
different ways. They are bom with the same task, to master the worid and 
make it their own. Tney are driven to learn physical and mental skills in order 
to build a foundation of trust in themselves and their environment by learn- 
ing to understand both. 

At no time in life is this motivation to learn and to understand as great as 
in eariy childhood. For what is learning, specifically, what is learning in 
science in its broadest sense, but the wish to create a structure from our 
experiences? This desire to learn about the physical and biological environ- 
ment is as basic a need as that for food, love, and protection (Roeper, 1 976). 
In order to feel safe, the children need to make sense of this strange chaos of 
sound, sights, odors, touches, tastes, vibrations, of hunger, thirst, cold, 
warmth, wet, and all the other sensations and experiences around them. 
From the beginning, the gifted show an even greater awareness of the 
complexities of the world than most, a greater sensitivity, and a greater 
desire to m&Ve sense. The gifted often use great skills to overcome the 
anxiety resulting from this awareness by trying to bring order into the 
apparent chaos around them. 
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In addition, the gifted experience genuine pleasure and excitement from 
knowledge, information, and understanding, All this is part of the motivation 
for learning and the reason for the rapid growth that leads young children to 
acquire new concepts daily, Their whole being concentrates on these intellec- 
tual, emotional, and physical tasks. Their intellectual ability helps them 
explore and understand sophisticated concepts, develop their self-images, 
and cope with life in a variety of ways. Their search for meaning goes in all 
directions. But in many children, particularly gifted ones, it expresses itself 
in a need to understand the laws of the physical world. For this reason, the 
learning of science becomes an inner necessity for many gifted children. This 
is why young children are fascinated by nature, by natural science, by al! 
living things. But, in my opinion, there is a special place for physical science 
in the young, gifted child's search for meaning. My colleague Marian 
McCloud and I defined that quality as follows: 

Physical science provides a certain dependability that we do not find in nature or 
human relations. Water always turns to ice in the fieezer. Ice always melts at 
temperatures above zero Celsius, bul Johnny*s behavior toward Ricky may be 
warm one day and cool the next without obvious reasons. (1965/1984, p. 3) 

At Home 

To live with a young gifted child whose self is developing well is a pleasure 
and a challenge. One sees a mind working overtime (Roeper, 1976» 1986). 
Soon the immediate surroundings appear to be exhausted — at least for the 
present. Frequently, necessary skills such as walking anl talking are mas- 
tered quickly. Often, such children require little sleep, spending their waking 
hours learning or wantmg to learn about life, about people. Gifted young 
want to know all about everything — the moon, the sky, the stars, the earth. 
Even as young as age four, they worry about politics, the environment, 
justice, hunger in the world, fairness, animals, all of nature, the universe, 
baseball players, etc. The tools for acquisition are available to the child from 
the beginning. How they are used differs with each child. 

One of the most important tools is play. Play has a structure and a purpose 
of its own (Bergen, 1987). It contains risk taking, repetition, change, touch- 
ing, tasting, and many other approaches that help the child to find out. As 
time goes on, play grows in complexity, mastery, excitement, and fun; the 
child gains concepts and general information through it. Never just play, it is 
growth; it is the way in which the young child fulfills a passionate and 
absolute need for mastery. Out of all this, slowly, certain experiences and 
concepts come into focus. Through playful interaction children develop 
many concepts of science. However, children should not be left on their own; 
they also need an open relationship with adults to avoid misconceptions and 
to get help in unraveling confusion. 
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How do Ihcy develq) methods of exploration and discovery? At first 
children begin to have some kind of familiarity with daily rhythms and daily 
events. They may begin by learning to know their mother, her breast. Suck- 
ing sometimes stills hunger and sometimes doesn't: Sucking a thumb satis- 
fies but doe^ not feed. The child learns that a cr> brings someone to pay 
attenti(m. After a while, however, the child may find that some footsteps 
come to the crib and others pass it by. He or she begins to diiferentiate 
between a mother's and a sister's footsteps. Now crying stops only when the 
mother enters and nears the crib. Through this experience, the child has 
learned to understand that one event usually follows another — but only 
*indcr certain circumstances. 

This is a sophisticated concept (Rocper, 1976, 1986); now, the children 
grow by leaps and bounds in every way, each in a unique manner. As they 
grow in their underatanding and begin to reach further and further, children 
may begin to wonder about day and night. This leads, at a later age, to an 
interest in the sun and the relationship between the sun and the earth, which 
is socn followed by an understanding of the movement of the earth around 
the sun. Learning about up and down and falling leads to an interest in 
gravity as children get older. 

Experience rdated to mind has its own sequence. There is physical 
mastery, such as walking, climbing, and all types of movements; there are 
types of intellectual mastery, like talking, thinking, and leaming--some of it 
academic— such as beginning reading, math, and science concepts. Children 
also begin to develop some ethical and social concepts. But most of all as 
soon as gifted children can talk, which is sometimes very early, they begin to 
ask their many, many ucstions. As the inner world of the child expands, 
more and more of the outside one becomes an integrated part of self, and 
both worlds become familiar and manageable. 

Everyone makes this integration in her or his unique way. Perhaps this is 
how we grow into people with diflcrcnt characteristics. No matter what, 
however, bang young means being, in the first place, a learner. The amount 
of energy children expend on exploration and repetition has amazed genera- 
tion:^ of adults. To watch children encounter the world and attempt to 
penetrate its structure and meaning is to watch thinkers and probers at work. 
Often, one doesn't know how or where the search begins. It flowers in 
wonderful conceptualizations. 

For example, one day a three-year-old boy came running up to me to say 
that he had just figured out how big his stomach was. (He showed me the tip 
of his finger.) When I asked him how he had found that out, he explained, 
•*Well, my mother said my eyes are tngger than my stomach. If my eyes are 
bigger than my stomach, than my stomach must be smaller than my eyes, 
and, therefore, it woult' be about this aze." In this instance, his logical 
conclusions led him to the wrong answer. But this is not always the case. 
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Once I asked a group of children what they would do if they wanted to find 
something out. These were the answers: First, ''Make sure you know what 
you want to find out." ''Ask the question/* One child added, "Ask it clearly.** 
Second, "You make a guess about what the answer .night be.** Another 
child: '*You always have a thought of what the answer might be, even if you 
just make it up.** Third, "There are many ways in which you can find the 
answer.** "You can ask the question,** one child pointed out. Another said, 
"Just asking the question isn*t enough. Ask someone who might know the 
answer.** "If you knew how to read,** noted a third, "you maybe could find 
out from a book.** The discussion continued: "Can you try out the answer?** 
"Go to the place where you might find the answer.** 'Talk it over with your 
friends. Sometimes they know answers that grownups don*t.** 

Here is the basis of what has been called "the scientific method**: state- 
ment of problem, hypothesis, examination of ways to solve the problem, 
proof. 



In School 

In cany April, 1958, Paul F. Brand^^^ln made one of many visits to the 
Roeper School and marvelled <ti the natural manner in which we taught 
concept seeking and concept forming. These aptitudes were part of every 
phase of the subject matter. The children learned to probe througn convivial 
planning of what they wanted to encompass: the entire world. 

Brandwein noted that many, if not most, of our gifted children were 
indeed oonceptualizers, seemingly in all the areas of subject matter they 
considered. For example, he reports the following exchange about likeness 
and differences. Brandwein describes what happened as the teacher offered 
her class of six-year-old children 

three each of six sets of material [s]: plastic forks, spoons, large clips, clothespins, 
paper boxes, and plastic bottles. [She asked] them to put like things in groups. 
Most children will have a set of six like categories of objects: forks, spoons, clips, 
clothespins, boxes, and bottles; concrete and somewhat conceptual operations, I 
suspect, in accordance with Piagetian prospects. But a few, say 2 or 3 out of 30, 
will find 3 groups: (a) forks and spoons, (b) clips and clothespins, and (c) boxes 
and bottles. When asked why, they respond somewhat as follows: one is to cat 
with, another is to hold things together, another is to put things in. Conceptual and 
abstract operations, perhaps. One or two out of a school of 200 or so young* eyes 
gleaming and merry, will have put all together: This is fairly rare. Asked why, one 
child told me, "All are things.** One surprised me: 'They arc all made of matter." 
(1987, p. 35) 

From his observations at our school and elsewhere, Brandwein has come to 
the conclusion-H>ne with which I agree — that Piv^getian constructs of se- 
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quential developinent should be modified for the intellectual and even artis- 
tic abilities of gifted children. For tbem, the sequences are either telescoped 
into sb(Mter periods or are interdejjcndent: That is, the concrete and formal 
q)eratiQns may be meshed very eiirly — much before the sixth and seventh 
year. (For further discussion of some of the limitations of Piagetian philoso- 
phy for those working with the g^Cted, please consult Steven J. Rakow*s 
paper in this volume.) 

To take the meaning of this lesson in conceptualization — via forks, spoons, 
clips, clothespins, boxes, and bottles— just a bit further: The model of the 
lesson on eating utensils applies equally to observation of objects and events 
in natural and physical science throughout the curriculum. Thus, a lesson on 
mammals, birds, amphibians, and fish, for example, will elicit that all these 
are in the common conceptualization **living things.** But also the 
subconcepts of mammals, birds, and fish wUl be elicited. Similarly, metals 
will be distinguished from nonmetals — but both will be assigned to the 
concept matter McCloud and I have formulated our perceptions of this 
ability to conceptualize in a book of discovery for children {Physical Science 
for Young Children 11965/1984]). Most of the activities and problems posed 
for children lead to the aptitudes and skills of categorizing and conceptualiz- 
ing. Because, in our view, gifted children are so evidently inclined to **see** 
and **select** common attributes in objects and events as a basis for concept 
seeking and concept forming, our lessons in Physical Science incline to that 
end. 

But, also, gifted children sometimes lag behind, because they soon sec the 
complexities and the dangers surrounding them, and then they hold back. 
They may be the greatest explorers, but many cf them also shrink from the 
unknown encountered in exploration. The gifted may learn skills diflerently 
from others. They may be early readers yet late swimmers or, at times, the 
other way around. Overall, their abilities help them explore and understand 
more sophisticated concepts but may also increase or decrease their self- 
images and lead them to cope with life in a variety of ways (Miller, 1979/ 
1981). They ure likely to find more alternative solutions than others. Emo- 
tions, attitudes, and understanding supplement each other, grow out of each 
other. Gifted children need to learn in order to understand so that they can 
feel safe, so that they can trust themselves and others. According to Erik H. 
Erikson (1950/1963), learning to trust is the first great task of all children. 
Understanding leads to fulfillment, if they can find the world trustworthy. 
The adult*s job is to make it so, in order that children, and the learning 
environment in which they find themselves, are safe. 

The Gifted Child — the Group 

All along the way of this process of growth, the child is not alone. Family, 
teachers, friends, society, chance, and many other factors play their part. 
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What are the ways in which we can support the natural growth and motiva- 
tion of the child? What can we do to work for the child's growth rather than 
against it? How do we maintain the freedom for the child to grow from the 
inside out? All children need to feel understood. Children need to master the 
world as part of their growth of self, as part of developing a trust in self and 
family and society (Poole and Line, 1979). Children learn to trust them- 
selves, to reach out and grow, if they feel loved, safe, and trusted by those 
around them. They can use their energies for exploration and accept their 
own personalities freely only if their surroundings, human and inanimate, 
permit. Just as the young need to touch and to play, they need others to 
respond to their overtures in kind. And all children need to be respected. 



Parents of gifted cliildren are likely to see the child as an extension of 
themselves. A gifted child often sees this parental need as an obligation and 
tries to fulfill it. The child serving as an extension of parental selves, the child 
trying to meet needs unfulfilled in parental childhoods, cannot feel safe and 
cannot fulfill his or her own needs. If, for instance, parents want their four- 
year-old daughter to show everyone who enters the house how well she can 
read, her reading ability becomes the parents* success and f alfills their need 
to be outstanding, not hers. However, if the child does not do well or is not 
interested in reading, it becomes her failure. She soon begins to feel that her 
parents will love her only if she can be the success they expect. In that case, 
parents need the child to make up for their own lack of success, and she 
becomes the child who believes, implicitly, that the world loves her only if 
she fulfills its needs. As she disappoints, she disappoints herself. In such a 
situation, young children will have neither the energies necessary for fre^ 
exploration of their world nor, what is more important, those necc'^ry for 
the constant restoration of self (Kohut, 1977; Freud, 1953-1974). Under- 
standably, such a child is hindered by anger, anxiety, and inner restrictions. 
When failure becomes dangerous because the child fears that it will lead to 
loss of parental lo\x, the child begins to look outside to figure out how to 
behave in order to please the parents and fulfill their expectations. 

Therefore, a first indispensable condition for creating an appropriate envi- 
ronment for learning is that parents see their children as individuals with 
their own personhood, their own growth, their own successes, even their own 
failures. It goes without saying that parents need to love, protect, and guide 
their young until the children reach a period when they can protect and guide 
themselves. Moreover, children learn, then, to incorporate their love of 
parents not in that role alone but as teachers and protectors as well. 

If parents understand and teachers give recognition for growth and 
success in the children's own terms, the children will feel accepted and 
understood. They will find themselves insiders in the world; they will see 



Within the Family 




127 




Gifted Young in Science: Potential Through Performance 

themselves as part of family, school, and society. Many children, especially 
the gifted, suffer from a feeling of being outsiders, of not being understood, 
of not being able to communicate their real selves and personal needs 
(Miller, 1979/1981; Rocper, 1976). Parents who can when appropriate set 
aside their own needs may achieve the empathy to fulfill one of their most 
difficult tasks, that of sensing the child's necessity of the moment. For 
example, the gifted child may require great freedom to explore in one 
instance and extensive guidance and protection in another. Sensitive parents 
respond carefully to such necessities. 

Parents ought also to make the important realization that there is a clear- 
cut difference between allowing children to grow and treating them as 
though they were already grown up. It is obvious the yorng cannot yet take 
responsibility for their lives. Their freedom exists only within the fecurity of 
adult care, and, if you will, leadership. Children need the protection of 
knowing that parents are in charge, knowing that there are clear-cut rules 
and regulations and that adults make decisions for their sake. But often 
children need to be free to make decisions about their own behavior. One of 
the difficulties of caring for gifted children is that parents may fail to sense 
when they, as parents, need to recede and turn the power of decision making 
over to the growing children. 

Too often, parents of the gifted stand in awe of their children; then, 
parents can find it hard to maintain their responsibility as adults. Too often, 
the activities and concerns of the family revolve around these children, their 
personal interests, and their personal concerns. In that case, gifted children 
develop an unrealistic view of their own role m the family. They see them- 
selves as different from other siblings (and other children), as not governed 
by the same rules. Sometimes gifted young consider themselves adults and 
believe that they have adult rights and responsibilities, a stance that often 
le&ds to anxiety and insecurity Such children then need to nuuntain a 
position which they know is untenable and therefore frightening. Their 
energies, both psychic and physical, may be diverted from growing and 
learning. 

In Society 

Recall that children are not only surrounded by family but also by society 
where they are exposed to its expectations and traditions. The world expects 
something from them, just as they, in turn, expect something from the world. 
The flow toward them of social influences may change the direction of their 
growth. Others* behavior can be supportive and create a river of learning 
and growing, or their attitude can change the stream's course in the other 
direction, altering it, diverting it, at times slowing it down to a trickle. Or 
drying it up altogether. 
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Society's expectations come from the outside in: It has developed certain 
goals and expectations and certain methods of achieving them, and it expects 
children to adapt to them. Often society measures the responses of the young 
in terms of its personal, learned expectations. However, while children may 
reach their goals of mastery through many, many different avenues, society 
only allows a few. It has established definite sequences. Society has decided 
whet, how, and when children will learn and what constitutes achievement in 
terms of "outside" success. But the child thinks and feels in terms of mas- 
tery, which means an **inside" success. Too often children become accept- 
able to society only if they succeed on society's terms. 

Society also has decided on .je method through which children are to 
learn. They are to be taught. They arc passively to receive teaching in school. 
In reality, children learn actively by participation, experiencing with their 
whole being. Qiiidren do not al^ learn in the same way, at the same time, and 
at the same age. More often than not, society interferes with their basic 
motivation and their beaic goals for learning. Thus, it may hinder the bud- 
ding creativity and perhaps cripple the natural flow and development of a 
young child's individual pattern of growth. 



The Gifted Child— Growing in the Schools 

We need to recognize and respect the basic environment that already exists, 
namely the children themselves. We need to recognize that there is a legiti- 
mate reason for children's unique in! .ests, for children's unique ways of 
learning. There is a real difTerence, then, in the learning society tends to 
expect in school and the ways of learning that are particular to children, 
especially to gifted children. See below for the contrast between the active or 
self-actualizing approach used by an increasing number of schools and the 
""traditional lecture" approach often found in schooling. In the first, the child 
is central as learner, in the second, the teacher is ^^entral as dispenser of 
information. 

Children's motivation for learning may well be affected by these two 
approaches to schooling: The curriculum in the traditional elementary school 
is usually rigidly predetermined rather than developed through cooperation 
between teacher and children. In the traditional approach, textbooks are the 
basis of teaching, while in the child-centered approach, they provide useful 
resources or background. The curriculum of the elementary school is usually 
based on skill learning The gifted are concept leamen, often with specific 
int^-'-'^sts in science or social studies, or humanities and arts, or mathematics, 
and their approach to learning is through what is often called 'Hhe inquiry 
method." These prcas of study and lue self actualizing approach are infre- 
quently central in the elementary school. 
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The curriculum for gifted children, indeed for all children, should be 
based on this active approach, which focuses primarily on concept learning 
with skills as necessary tools to achieve these goals. If concept learning 
through social studies, science, or the humanities were the focus, many 
gifted elementary schoolchildren would be able to share their amazing fund 
of knowledge with others and feel an accepted part of the community. That 
this opportunity usually d *$ not exist is a loss both to the gifted and to the 
other children. 



Self Actualizing Approach 

Education for life, self-actualization 
Emphasis upon the whole child 
Learning central 

Discovery, inquiry method for active 
learners 

Freedom within a framework — flexible 

curriculums 
Concern with developmental phases 

Conceptualization based on many 

causes, many effects 
S^lf-definition by child 



Traditional Lecture Approach 

Education for college, financial success 
Emphasis on academics and sports 
Teaching central 

Facts, passive intake of information 
through listening to lectures or being 
informed or rote learning 

Rigid, linear curriculums 

Traditional learning goals and meth- 
ods, pressure 

Skill development based on age and 
grade level 

Definition by society, which also de- 
fines rate of learning and kind of 
growth desired.* 



Children who grow up within the open, flexible atmosphere defined in the 
left column above usually want to learn, have developed a method of doing 
so, and have acquired a large, diverse fund of knowledge. Even though we 
look at this approach as preparation for life rather than the narrow goal of 
preparation for high school and college, many of these children excel in 
traditional academic environments. 

We believe that children and teachers should interact. Often the curricu- 
lum is chosen by the teacher, but only after close observation of the develop- 
ment of interests in children does s/he create a framework within which the 
children can discover. (Examples of lessons and activities which inspire 
science interest in preschoolers can be found in Roeper and McCloud, 1965/ 
1984.) Much of the planning is done cooperatively with the children. But in 
this sharing, the teacher does not relinqulih responsibility as the one experi- 
enced in learning and teaching. As Brandwein writes, "It is the teacher who 
has the privilege, the responsibility, of helping youngsters in their decisions 



*Chart based on Brandwein ( 1 962), Poole and Line ( 1 979), and Roeper ( 1 986). 
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when and how to inquire so that they may choose with relevance" (1962, 
p. 19). 

Expanding the Learning Environment 

We need to find ways to expand the original learning envwriment to create a 
climate of trust, support, and opportunity for growth. How to create such a 
climate? Children need to feel acceptance, positive stimulation, and response 
from parents, teachers, and others in society. Children who are allowed to 
grow freely often develop some very specific, unusual interests and knowl- 
edge. They may acquire information, even wisdom, for which they need 
recognition and praise. (Too often, in reality, they receive a smile of disbe- 
lief.) 

This quest for understanding is a particularly typical expression of the 
unique interests of the gifted young. For example, 1 have met some three-to- 
five year olds who want to know exactly how the toilet or the sewer system 
functions. Some collect roots, leaves, or sUmps. One child wants to know 
how doorknobs function. Some childn^n love to Uke apart small machines 
such as radios and clocks and put them back together again. There are 
probably countless interests and activities in which little children could 
participate but through which, as a rule, they are not allowed to develop and 
express themselves. The rocks found on the way to the museum may bf more 
exciting to the small child than the beautiful displays in the museum. Were 
not rocks his or her discovery? Some of these inclinations may seem strange, 
but they are all valuable stepping stones toward mastery and growth. 

These interests, better, fascinations, usually correspond to the children's 
developmenUl phases (Roepcr, 1976). The three year old who has just been 
toilet trained is perhaps puzzled, perhaps frightened, by the disappearance 
of a part of "self." To understand how the toilet functions and where its 
contents go means familiarity and intellectual mastery; this in turn leads to 
emotional acceptance and control through understanding. Knowing how 
doors open and close, how the hinges work, what different types there are, 
what their purposes are all lead to a familiarity that helps to integrate the 
situation into one's capacity to cope. Knowing about doors relieves anxiety 
about being separated, about people leaving, about feeling shut up in a room. 
Finding out means taking, incorporating, integrating into the self. 

Children want to know about origins. Interest in dinosaurs or roots goes 
back to children's need to find out where they come from, leading perhaps to 
an understanding of past and future. They want to know about where they 
themselves come from, how babies are made and born, why boys and girls 
arc different. They want to know why adults, who as a rule are pleased when 
children want to learn, usually change the subject and seem to close their 
ears when questions about sex are asked. This is one area where adults, for 
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Ibeir own reasons, often want to stop the child's flow of inquiry. This reaction 
in itself often becomes a hindrance to the natural curiosity of young children. 
They sense that some areas are forbidden territory, that certain questions 
must not be asked. But children's interest in sex is part of their desire to 
understand the world. In fact, it is a very important part. I believe that we 
should give children information on sex as soon as they seem to show any 
signs of interest; however, this interest may be unexpressed through direct 
questions — for the children sense many parents' reluctance even without 
actually asking and being rebuffed. 

S(Hne children may preoccupied with death. Hei^ again, they try to 
meet an emotional need to feel safe through intellection. What is death like? 
What happens to your feelings? One gifted four-year-old girl attempted not 
to move at all for a whole day trying to understand what death feels like 
(Roeper, 1976). In many cases, such concerns and questions are the starting 
point for ever-widening i|it^rests in many directions. I know gifted children, 
four years and older, who^ interest in every part of the body has led them to 
name all its parts and their functions. This concern originated with the 
question, "What is the difference between life and death?" Out of this same 
question sometimes grows a preoccupation with all living things and their 
d^'?erent physical characteristics. 

Other gifted children may move in different directions, turning to religion 
and asking questicms like. What is God? Is Santa Claus real? Is there life 
after death? (Erikson, 1 9S0/1 963). Part of the desire for mastery and protec- 
tion develqn into a need to understand the ethical framework of the interac- 
tions between people. Gifted children want to understand the reasons for the 
rules and regulations which govern our lives. Many of them have a deep 
sense of justice. They want to know what is right and wrong and why. 
Unfairness makes them feel unsafe, because it makes basic rules unrecogniz- 
able. Just as children need a structure of the world in general, they need a 
structure of the basic concepts of ethics. They are concerned with the moral 
questions that arise out of global interdependence, technological growth, and 
everyday human relations. They raise questions like these: Are we responsi- 
ble for the problems of the environment? Is it up to us to change it? 

Some Thoughts on the School Environment 

What is the best school environment for the gifted child? Gifted children's 
eagerness to make the world their own soon grows beyond the confines of the 
home. They need to venture out, to relate to adults other than their parents, 
and to expand their opportunities to grow. Some children are ready for small 
group experiences at age one and a half. On the other hand, the gifted may 
have difficulty separating from home because of their greater awareness of 
the big step they are taking. The transition from home to school thus requires 
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great support and empathy from parents, These children need to be given 
time to learn to learn, to feel safe in the new envininment, Thcv need a 
familiar person around while they begm to relate to others, They need to 
know that their paicnt trusts the new adult so that they may transfer some of 
their own feelings of safety to an environment away from home. If this move 
creates a loss of security, their sense of self may be impaired and they may 
withdraw energy from learning and growth, using the withdrawal for self- 
protection. We must remember that children at school are the same and have 
the same characteristics and needs as children at home. They need to be 
protected, loved, and respected. 

Many children must develop a personal relationship with the teacher 
before they can become participating and secure members of a group. An 
essential factor in this personal relationship is recognition by the teacher as 
well as respect for the child's individual method of learning and his/her 
interests and goals. 

Play and exploration remain the best learning tools for the young child. 
Children develop a sense of inner freedom and permission to reach out if they 
(and their goals and idiosyncratic ways of learning) are supported and cher- 
ished by the adults at the school. This security and freedom requires a 
flexible atmosphere with much opportunity for discovery, individualized and 
group learning, play, and stimulating, enthusiastic adults who are learners 
themselves. 

Gifted children need adults who ,rill serve as models, adults who will open 
doors with their own knowledge, attitudes, skills, resources, and desire to 
learn but who will not try to push children through those doors. These adults 
offer the first trusting relationship as surrogate parents outside the home. As 
children grow through various developmental phases, they often develop 
similar interests that can be discovered by a teacher and used as a basis for a 
framcworic of common learning experiences. For example, many children are 
interested in insects. Others might like to know what is real and what is 
pretend. To understand the difference between reality and fantasy allows 
children to cope better with each and creates opportunity for safe expression 
of normal hostility in fantasy without fear of any "real" consequences. 

Knowing the difference between animate and inanimate objects is basic to 
the developing structure of the children's world. Learning about the laws of 
the physical '.^-orld serves as a basic structure within which to develop further 
understandings. In an atmosphere of discovery, therefore, children often 
exhibit great enthusiasm toward learning about physical science or natural 
science. Nursery schools, more often than grade schools, offer this kind of 
atmosphere and activities. Prcschools traditionally are keenly attuned to 
developmental phases and the needs of individuals or groups of children and 
provide appropriate experiences in cognitive learning as well as opportunities 
for social learning, interaction, and invitations to creative expression such as 
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in music, dance, drama, and physical activities, Children in such groups 
maintain their passion for learning. Most nursery schools, however, do not 
stress the orderliness of physical science. This is regrettable, because it is at 
this age that children are so fascinated with science phenomena. 

Through the open approach, the teacher becomes the facilitator. The 
emphasis is on learning, not teaching, and in this environment, a clear-cut, 
welkhought-out philosophy helps children use their real potential toward 
individual self-actualization in achieving a concept of life rather than narrow 
goals* such as traditional academic skills only. Skills are necessary as tools 
but not as an end in themselves. Teaching and learning to maintain the inner 
motivation and potential for learning are based on fundamentally different 
goals and methods from the traditional ones. According to Brand wein (1987, 
September), the elementary school curriculum should be an integrated one, 
particularly in the humanities, the social sciences, and the sciences. The 
curricular plans posited in his paper envision the humanities as concerned 
with concepts of ethics and aesthetics — ^truth, beauty, justice, love — ex- 
pressed in music, painting, dance, literature, and the like. The social sciences 
examine the concepts and values of society (liberty, interdependence, values 
in government, economy, and in the development of nations). The sciences 
examine the concepts of the natural and physical environmert (life, interde- 
pendence in ecosystems, resources of matter and energy). 

Again, in my observation, gifted children are global thinkers; to repeat, 
they turn naturally to conceptualization. They are seekers after reality. 
Often, they need or 'gvant to understand the whole, the overall concept, before 
learning about details. For example, I once observed children being taught 
the names of different types of dogs. They learned them mechanically 
without a real concept of ''dogness.** The gifted need to begin with an overall 
concept of what is being ''taught,** whether stars, atoms, earthquakes, peo- 
ple, musical notations, equilateral triangles, or dogs as animals and 
manmials. Quickly, they probe likenesses and differences among them 
within a conceptual framework (Brandwein, 1962; Roeper, 1986). 

As children grow older, the amount of information and the varied learning 
opportunities available may become overwhehning for them. What is the 
task of the teacher in that case? In addition to what I have described earlier, 
the teacher must make opportunities for learning available and build a 
bridge to the expectations of society without interfering with the child*s self- 
direction. The conceptual and unit approach can provide a structure that 
makes information manageable without limiting the freedom for discovery 
for young children. Within the child-centered approach, such a unit repre- 
senting real interests often grows out of discussions between children and the 
teacher. A unit that develops out of the questions asked by children and 
includes their approach to finding the answers allows individuals or groups of 
children to continue to create their own environment. 
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Some Special Traits of Gifted Children 

As I have observed, a special characteristic of gifted children is their perfec- 
tionism. This trait sometimes interferes with their motivation for learning 
and exploration and requires special attenuon in any approach to their 
schooling. They become most impatient if they do not succeed at a self- 
imposed task, such as drawing a horse the way they see it. It is difficult for 
thcji to accept the fact that, often, their fine motor control does not keep up 
with their sophisticated ideas. This wanting to be perfect often has the effect 
of keeping gifted children from venturing into experiences that may expose 
them tr failure. Helping them understand that failure is part of growth, that 
posGibly their expectaticxis of themselves are unrealistic, anci^or assisting 
them to reach their goals are some of the ways in which adults can help 
children to cope with that particular difficulty. Perfectionism brings with it a 
fear of ri«^ taking, a fear that again can block giited children's freedom to 
seek new growth. They need an environment of support, of encouragement, 
in order to find the courage to try new experiences, especially when unsure 
aU>ut whether they can really achieve their goals. 

Again, in my observation, many gifted children do not care about marks, 
honors, awards, etc., although parental or teachers' expectations may lead 
them in that direction against their real inner needs and personal desires. 
Such children may be faced with a dichotomy between their real interests 
and outside pressures, a dichotomy that ^tes internal conflicts. Although 
the gifted may enjoy competition in specific areas, they feet, in general, freer 
to grow without it. De-emohasis on competition allows them to ni*rsue their 
own very original interest**, which may not be shared by others, and, there- 
fore, which may not be subject to competiion. Many gifted children truly 
want to climb the mountain because it is there, not because the completed 
journey means success. With gifted children, even more than with others, the 
emphasib must be on their quest, their learning, what they take in, how they 
''igest it, and how they use it. The curriculum should be flexible enough to 
jermit this kind Oi active, individual learning, even as the teacher opens the 
door to useful c ;ts of discovery in other areas. 

Gifted children make friends with others of either sex whose behavior may 
seem unusual but who are ^ >o gifted. Such children may share specific or 
varied interests. Often, their friendships are discouraged, ridicuLu, or 
laughed at, and further collaboration and common discoveries become im- 
possible. For the gifted, the world is not divided into small subjects, or areas, 
or individuals. They learn concepts that apply to many subjects or individ- 
uals at the same time. 

Gifted children are often daydreamers. Ideas and inspiration come to 
them at such moments. Thi» irait is often misunderstood, even t'rov. ned upon, 
by tne adults who observe what seems to be lack of interest. Nonetheless, 
gifted children need opportunity for snaking choices and for working with a 
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variety of adults who may be experts in specific fields. For gifted children 
need the freedom to complete tasks, which they are passionately pursuing, 
rather than be disrupted to concentrafe on something else. As such children 
grow older> they live more and more with the pressure of their multiple 
talents and interests, which cry out for creative expression in communication 
and discussion as well as more traditional avenues. Few such opportunities 
exist. If art, music, drama, dance, and other artistic expressions are consid- 
ered frills in a school environment, have low priority, and are cut out as soon 
as money is tight, gifted children with their varieties of intellectual appetites 
and abilities may lose twice. These children will lack not only the opportunity 
to grow and to fulfill their potential but also lose interest and become bored 
or disenchanted with the particular type of "learning" expected in the 
school. 

Why do children in general seem to lose their motivation for learning by 
the time they are about eight years old? What has happened in the years 
since the child was, in a sense, driven to learn at birth? What experiences 
created this change? Could it have been caused by the fact that the goals and 
methods of the child arc at cross-purposes with the goals and methods of 
traditional teaching and learning? Instead of investigating this recurring 
phenomenon of loss of motivation, present practices in schooling seem to 
accept it as natural. Such practices seem to replace natural motivations with 
artificial ones such as grades, rewards, punishment, disappointment, and 
competition. 

Gifted children seem to suffer greatly from the discrepancy between their 
expectations and those of society. They feel misunderstood, deprived of 
opportunities for growth; they may be stifled. They may react with depres- 
sion, aggression, and misbehavior. On the otucr hand, in programs wb ;re 
approaches support gifted children's needs and methods, where concept 
seeking and concept forming through inquiry are central in instruction and in 
curriculum, where the study of the world in its great variety is the subject, 
children are motivated, knowledgeable, and learning. For such an environ- 
ment, we must strive. For in children— and what we do to conserve their 
being — lies our future. Does il not? 
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Appendix 

'You cannot bump your bead on water, 
but you can on ice" 

On a beautiful, crisp fall day, I decided to take a walk with the children. \s usual, 
this suggestion was received with great enthusiasm. One of their favorite ]raths 
leads toward a shallow pond we call *The Lost Lake, * which lies hidden in the 
bushes. This is whe.e we went, as we had done on previous occasions. The moment 
we arrived, one of the boys remarked, "It looks different today. There is ice on it." 
Another child picked up a stone and threw it on the ice. Since there was only a thin 
layer of ite, the stone broke through. "How come there is ice on the pond?" asked 
one of the children. Another answered that it was because the winter was coming, 
and it was getting cold. 

Then I asked, "Who knows what happens to water when it gets very cold?" 
Many of the children shouted, "It turns into ice!" Then a child asked, "How come 
the ice broke when Bobby threw a stone?" Here, another child said excitedly, 
"Last winter, I went on some ice, and it didn*t even break, and my brother went 
skating on it." I asked if it were winter now. A child answered, "No, it is only fall 
In winter, you have to wear a snowsuit all the time you are outdoors, and more and 
more water turns into ice, and it gets thicker and thicker, and finally you can walk 
and skate on it." 

For a while, the majority of the children continued to concentrate on the ice, 
picked it up, held it, broke it, and conunented on the fact that it was cold. The 
whole conversation did not take more than a few minutes. Every morning there- 
after, the children noticed the puddles covered with ice. 

After a few days, I said to a group of boys, who were stepping on a layer of ice 
which had formed on a puddle, "What do you think would happen if we took this 
piece of ice into the house?" 

Some said that it would melt, and others said that it would turn into water. 
Others thought it would become snow. 

I suggested that we wait and see. They eagerly filled a pail with some pieces of 
ice and took them indoors. They returned outdoors to their activities. After a 
while, I called them in. 

"Shall we check and see what happened to the ice?" I called everybody to look. 
The children seemed to be as full of anticipation as when they are about to find out 
whether the "good guy" wins on television. 

"It turned into water!" they shouted. 

**Do you know why?" I asked. 

Most of them knew that [the ice melted] because it v^.s warm inside [the 
house]. Then I asked them what would happen if we took the same pail of water 
outdoors and left it there overnight. There were many guesses by the children. 

The next morning hardly any of the children forgot to check on the pail to see 
what had happened. A few days passed by without much discussion about the 
subject. Then, one of the boys announced during a discussion period, *The thing 
really works, even at my house!" "What thing?" I asked. 

"I took a cup of water outside and left it there all night. When I looked in the 
morning, it was ice. Then, I took it in, and when I came home from school, it was 
water again." Several of the children said, "When I get home, I will do that, too!" 

A little girl said, "My mother forgot the milk outside, and it turned to ice and 
broke the bottle." 
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Then I asked them, "Do you Icnow what an 'experiment' is? It is something 
people do to find out something, to study something. Tomorrow, I will do an 
experiment with you. We arc going to heat some ice in a pot over an electric 
burner, and we will see what happens.** 

The next day, the experiment was carried out. [Before it], I told the children to 
guess what might happen. The answers showed the range of concepts present in 
young children. 

"Nothing will happen." "It will evapora*5." 

"It will turn into water." "It will turn into steam." 

"It will turn into snow." "It will go aw^y." 

They watched with rapt attention. They saw the ice turn into water, saw how 
(the water] began to boil, and finally [saw the water] become steam. Some 
remembered having seen this at home when someone was cooking. 

(A variation of] the experiment was repeated several days later, this time, a 
cold glass was held over the steam. The children saw ;he droplets of water that 
formed; in other words, (they saw] how the steam turned back into water 

In the meantime, winter had arrived. The children were taken on another walk 
to the Lost Lake. This time, it was frozen solid. They ran and played on it. 

When one of the children fell, I started a discussion of the different consisten- 
cies of ice and water 

"You can slip on ice but not on water" 

"You skate on ice and swim in water" 

"Ice is hard; water a not." 

"You cannot bump your head on water but you n on ice." 

All these concepts were developed m? 'y by the children. 

More "experiments" were made (to investigate] the same general subject. "I 
am going to put a toy car into this pail of water," I said. "Can you take it out ci the 
water?" 

All the children tried and found that they could. 

"Now tomonow morning when you come back, you will not be able to pull it 
out." I left the pail outdoors overnight where it froze and was covered with ice, 
and the children found they could not remove the car 

Another day. the children had »pecial treat They took their juice and crack- 
ers outdoors. When ihcy were finished eating and drinking, I burned the paper 
cups on the ice. The children could see how the fire melted !he ice, and how we 
then used the water to put out the firs. "If you want more water, do you have to 
melt more ice to get it?" asked one of ihe children. Arother expsriment was 
carried out the next day to answer this question. 

One day, a child reported that he saw a truck pouring salt on the ice streets. We 
poured salt on a block of ice to find out what would 1 ppen. Most of the children 
asked their parents to rep^^at this experim-^nt at hoi..;;. One little gir! arrived at 
school holding a huge piece of ice, which had a hole in the middle made by salt. 
She had taken the ice nil the wsv from home on the school bus; she was proud. 

The climax of the project canrc wlitn we took hut maple syrup outdoors and 
poured it on the snow. It hrrdened and made delicious candy. The children were 
delighted, and their comments showed that they understood the process.* 



^'This excerpt from Rocper and McCloud (1965/ 1984) describes a typical first 
probe, made at the Rotper Scht/ol by approximately three-to-five year olds, into 
eariy levels of understanding in science. 
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Science 



Like, the middle child in a family, the middle school is struggling to find its 
iden' ty. The baby of the family (the elementary school) and the firstborn 
(the high school) have their places. The middle school is considered by some 
an extension of the primary years and by others a training ground for 
secondary education. Rarely have middle schools achieved that unique blend 
of philosophy and program for which they were originally conceived. This is 
not to say that such a philosophy does not exist. Essentially, the emphasis is 
an programs planned to meet ''physical and cognitive, affective and social 
needs of 10 to 14 year dds" (Hurd, Robinson, McConnell, and Ross, 1981, 
p. 4). These authors emphasize the importance of balancing the psychomotor 
and affective domains as well as tending to the cognitive domain in middle 
school curriculum and instruction. 

In general, however, the schooling and education of 'he gifted in the 
middle school have been neglected. Accusations of elitism have hounded 
efforts to develop prc^grams for these student Mistaken notions that gifted 
children will succeu* .<o matter what is (or is not> done for them have served 
as the rationale for cutting the funding tor develorment of innovative curric- 
ula and instructional models adapted to their needs. Marsha M. Correll 
(19 /3) presents the following justificati(Mi for the existence of programs for 
the gifted: 

A univenat sy&^em of education is ultimately tt^ted at its margins It functions 
fairly well in educating most students in the middle or nennal range of abilities, 
but it has a tendenf.y to be less effective with exceptional groups with either high 
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or low abilities. Begimiing in the late sixties, education policymakers in the United 
States committed themselves to the improvement of instruction for millions of 
previously n^lected students through legislation aimed at the disadvantaged and 
handicapped. Less emphasis has been placed (m improving instruction for those 
who possess exceptional abilities or talent. These aie the ^^extraordinary few'' 
whose lifework will improve their disciplines, their societies, and perhaps human- 
kind, (p. 7) 

It is rare to find an effectively differentiated science piogram for gifted 
oiiddle school students. Paul deHart Hurd and others write, "Rarely is it 
possible to have special classes for very slow or talented students in science" 
(Hurd et al, p. 12). However, the characteristics of an exemplary » .icnce 
program for the middle school have been identified by the NSTA Task Force 
on Excellence in Middle/ Junior High School Science Pin^grams (Reynolds, 
Ktotti, Rakow, Thcrapson, and Wohl, 1984). This Task Force defined an 
exemplary middle/junior high school science program under five domains: 
goals, curriculum, instruction, teachers, and evaluation. Later (198S), I 
surveyed a group of middle/junior high school science teachers to collect 
their percepti<»]s of an exemplary middle school science program. Making 
use of the same five ca:egories, these teachers described a science program 
that corresponded well to the description of the middle school program given 
by Hurd and his collc^agues. Some examples of the teachers* responses to the 
fint three categories follow: 

The GOALS (tf an exemplary middle/junior high school program will 

• meet both the social and em jtional needs of middle/junior high school students 

• generate interest in science through activities that are meaningful to the stu- 
dents 

• be developed and taught at a <ix^tive level appropriate to the studenU being 
taught 

• broaden science education for everyone 

• devetop students' problenvsolving skills 

The CURRICULUM of an exemplary middle/junior high school science pro- 
gram will include 

• an approach in inquiry that offers opportunity for problem solving, data record- 
ing, hypothesizing, predicting and concluding, rooted m handson inquiry 

• students* use of various tools and instruments of science 

• the introduction, explanation, and demonstration of new terms and vocabulary, 
which are relevant to the subject 

• the use and application of science information by studenU within a cultural/ 
social environment 

• a multifaceted focus with the involvement of local community resources and 
current societal concerns 

• the meeting of the needs of students of all abilities 

• unified and sequential curriculum^ for grades K-12, which include an interdis- 
ciplinary focus 

The INSTRUCTION in an exemplary middle/junior high school science pro- 
gram will 
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• use **inotivators*' to generate interest (e.g., current events that relate to the 
students* experience, discrepant events, etc.) 

• have an organized and structured format 

• be student centered, not teacher centered 

• focus on inquiry including investigation and experimentation, various levels of 
questioning, the use of wait4ime, and a consideration of the scientific method 

• move from the concrete to the abstract (Rakow, 1985, pp. 632-633) 

This report, among others, paints a picture of th^ middle school as a place 
for active inquiry that takes into account the unique characteristics of mid- 
dle school students and develops a program to engage their interest and 
abilities. Such are characteristics of an exemplary middle school program for 
the gifted as well. 



While the phrase "middle school" is often used to refer to an administrative 
structure, it also refers to the particular age group of students that middle 
school serves — 10 to 14 year olds. What are the unique chara^^teristics of 
these learners? 

Physically, middle school students are developing at a rate faster than at 
any time in their lives except infancy. This rapid growth may bring with it 
clumsiness and poor coordination. Often the young compound their anxiety; 
growth rates among classmates might differ by several years, leading some 
children to wonder if they will ever catch up with their rapidly maturing 
classmates. Early adolescents tend, therefore, at tunes, to be very self- 
conscious and may become '"behavior problems.** 

Socially, middle school children seek to establish their own identity and 
their own self-concept. As they seek to *'fit in," their peers become an 
increasingly important influence on their lives. Along with this newly estab- 
lished identity is the need to make their own decisions. Often, middle school 
students are reluctant to act in accordance with the demands of their parents 
or those of other adults. While this stage of development may bring a certain 
anxiety to parents and teachers, it is an indication that the early adolescent is 
developing a greater capacity to conceive of alternative approaches to solv- 
ing personal problems. 

Middle school classrooms contain a fascinating array of cognitive abilities. 
B^rbtl Inhelder and Jf;an Piaget (1958) provide one model that attempts to 
describe the intellec(ual development of the young.* They suggest that 
Individ' als progress through four states of intellectual development: sensori- 



*Piaget*s years of studies are the basis for the combined work with Inhelder 
cited here. 



The Middle School Student 




143 




Gifted Young in Science: Potential Through Performance 

motor (ages birth to 2 years), preoperational (ages 2 to 7), concrete opera- 
tional (ages 7 to 11), and formal operational (ages 11 to 14). In brief, 
Inhelder and Piagct prc^x^e that, at different stages of cognitive develop- 
ment, people have a repertoire of patterns of reasoning— identifiable and 
reproducible thought processes directed at a narrow task— which individuals 
may apply to solving problems. The "concrete operational" student will be 
able to carry out logical thought processes using concrete objects, while the 
-formal opereticmal" student will be able to engage in the manipulation of 
purely mental constructs. Several other differences also distinguish these 
two categories, such as the ability of **formal operational" students to use 
proportional and probabilistic logic patterns, to consider the influence of 
many variables simultaneously, and to examine many possible combinations 
of a group of objects. Inhelder and Piaget's conclusions about patterns of 
reasoning could have implications for the Idml of cognitive demands that we 
place upon students ji science classrooms. 

Subsequent research, however, has questioned Piaget's formulations, p^.;- 
ticularly as applied to specific age groups. It has been suggested that an 
individual's ability to approach a problem may be as much a factor of 
experience as of his or her generalized cognitive development. Thus J. Paul 
Guilford (as early as 1956), Robert H. Ennis (1976, December), and Marcia 
C. Linn (1982, December) have criticized Piaget's empirical approach to his 
findings. They have also questioned the use of particular terms to identify 
stages of development and the emphasis on the cognitive aspects of develop- 
ment, without an ap.^ra* sal of the affective ones. Moreover, studies by Daniel 
P Keating (1973) and Roger A. Webb (1973) demonstrate that gifted 
middle school studenu often operate at a pace of cognitive development 
ahead of that projected for the "patterns." Gifted students advance rapidly 
in their cognitive development and, therefore, often appear quickly to go 
beyond "operational skills." This ability can make them early able to use the 
higher-order thinking skills required in scientific inquiry. 

In any case, successful middle/junior high schoolteachers need to be 
aware of and sensitive to the physical, emotional, affective, and cognitive 
characteristics of their middle school students. Because of the heterogeneity 
of abilities and physical characteristics, and because of the rapid rate at 
which these early adolescents are devetoping, the identification of special 
ability is particularly difficult. 



Finding Gifted Middle School Science Students 

Simple reliance upon global measures of intelligence or ability is misleading, 
because individuals may possess a potential fr giftcdness in areas not 
readily assessed by these instruments. Personal recommendations by teach- 
ers or school staff members are also limited by a basis that tends to equate 
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"'bright and polite** with ""gifted and talented,** often missing the contribu- 
tions of the unconventional but sometimes brilliant maverick. One of the 
more widely accepted definitions cf giftedness is that proposed by Joseph S. 
Renzulli (1979). He suggests that gifted students are those who are at the 
intersection ot three traits: above-average general ability, task commitment. 
and creativity. While this definition helps to refine our notion of giftedness as 
a general characteristic, it still fails to address the specific potential of 
students gifted in science. 

Certain studies have begun to isolate characteristics which appear to be 
exhibited by gifted students in their approaches to the particular aspects 
posed in scientific inquiry. Some of these characteristics are based on the 
personal characteristics of successful scientists. One should, however, heed 
the warning of Gerard F. Consuegra (1982a) in using such lists: 

One must keep in mind that any list of characteristics of gifted students relates 
in a general sense to the designated grcup. Certainly there will be individual 
students who do not match all the characteristics. The implicatiofi for educators is 
to use t list of characteristics to gain a holistic sense of the students as a group. 



In answering the question— ""Does your child have scientific ability?** — 
the (now defunct) Office of Education for the Gifted and Talented of the 
U.S. Department of Health, Education, and Welfare (1978) listed six identi- 
fying characteristics: 

1. Good motor coordination 

2. Devotion to investigations and personal projects 

3. Persistence despite failure 

4. Interested in cause-and-elfect relationships 

5. A tendency to read science-related materials 

6. Enjoyment of scientific discussions (as cited in Consuegra, 1980, p. 12) 

For the middle school, Consuegra (1982a) identified three characteristics 
for those who show potential for giftedness in science. These characteristics 
are a questing nature, personal drive, and an investigative nature. A questing 
nature asks about the world and accepts ai^wers only when they seem to 
have scientific validity. Personal drive !eads lo the willingness to spend long 
hours conducting routine and repetitive experiments on topics of interest. An 
investigative nature is willing to conduct investigations despite failure. The 
characteristics identified recently by Consuegra in middle school students 
are close both to personality traits and work habits typical of successful 
scientisU and to those traits Paul R Brandwein (1955/19S1) found in gifted 
students of high school age. Brandwein identified four constellations of traits 
related to the investigative skills in science that his students (a sample of 
354) exhibited. These characteristics were a high level of verbal and math- 



(p.2) 
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ematical ability* adequate sensory and neuromuscular control (constituting, 
largely, a genetic factor); a factor termed persistence (a willingness to spend 
time in investigative work beyond ordinary schedules, to withstand discom- 
fort and fatigue in pursuit of objectives, and to face failure); md a factor 
t ;rmed questing C*a notable dissatisfaction with present explanations of the 
way the vm\d works** [p. 10]). All these were interdependent with an 
activating factor — z key teacher and an environment combining to give 
access to equal opportunity for individual work in investigation. 

This match in the traits posited by these two investigators for the middle 
school and the high school respectively may indicate that programs for the 
science talented at these two levels may be readily articulated in curriculum 
and instruction. But we are at the beginning of the preparation of instruc- 
tional programs that build on the experience of the gifted young in the 
middle school: a critical period in their identification, instruction, and guid- 
ance. 



Selection Procedures: External Methods 

While lists of personality and behavioral characteristics may be of very 
limited use in defining the potentially gifted in science as a group, many 
programs for middle school students presumed to be talented in science 
depend upon an initial means of ^identification.** Generally, a three-step 
procedure of screening, identification, and selection is suggested as an appro* 
priate procedure. (As we shall see, however, another method may set this 
procedure aside.) 

Screening involves the use of standardized achievement tests (such as the 
Iowa Test of Basic Skills, the Stanford-Binet test, or the Wechsler Intelli- 
gence Scale for Children — Revised), or teacher, parent, or self-nominations. 
Although group tests have the potential to be misleading, they do serve as a 
screening mechanism when used with other procedures. 

A second level of identification tries to pinpoint the talents of middle 
school science students. Some schools use instruments such as the Test of 
Science Related Attitudes (TOSRA) or the Test of Integrated Process Skills 
(TIPS) to identify specific science-related skills. These tests seem to be less 
dependent upon a student*s particular exposure to science content than is 
evident in standardized science tests (such as Educational Testing Service*s 
Sequential Tests of Educational Progress [STEP]). TOSRA and TIPS at- 
tempt rather to measure the student*s ability to use science-related thinking 
patterns. The recommendations of teachers who have been prior observers of 
the students* specific performance in science are useful here. 

The third level of identification is selection. At this point, the school staff 
should work with individual students and their parents to develop an educa- 
tional plan to meet specific interests and needs. This process may take 
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several forms, from individualized research to in-class enrichment. Its direc- 
tion depends in part upon the students* needs and wishes and in part upon the 
school system's resources. 

The Council for Exceptional Children (1978) has suggested three ques- 
tions that parents and teachers might use as devices to identify potentially 
gif led middle school science students for purposes of the selection procedure. 
They are 

1. Is the child bored by invade science and math material? 

2. Does the child score at or above the 95th percentile on a standarized science 
"^d mathematics test? 

3. Does the child seem eager to learn more and at a faster pace? (p. 30) 

Because middle school children are such a rapidly changing, heteroge- 
ncoivs group, the use of standardized t^ts with arbitrarily chosen numerical 
criteria is an unsatisfactory method of identifying the gifted among them. 
Unfortunately, as the previous cautionary note from the Council for Excep- 
tional Children points out, reliance on standardized tests is a procedure used 
by too many school systems. Instead, giftedness in science should be assessed 
by the students* ability to ''do science.** Perhaps the most reliable measure of 
the students* ability to do science is the ability to use the investigative 
processes of science to solve problems arising from the students* own ques- 
tions. Still, there is clearly a need for a specific and reliable method to assess 
the ability of individur^ students to conduct scientific investigations. 



Performance 

One such method does not depend on tecting per se. It relies on observations 
of demonstrated work in science by the young in the elementary and miJdle 
school years. It attempts to develop methods of self-assessr.ient, of self- 
selection for all students in a given school. In effect, those students interested 
in science identify themselves through their competence in science and their 
abilities in the investigative modes of inquiry; that is, they select themselves. 

The Vista Verde Year-Round Elementary School in Irvine, California, 
probed such a device at early middle-school grade levels in the early 1 980s.* 
Essentially, all fourth- and fifth-grade students in heterogeneous groups were 
involved in elementary science study based on conceptual approaches and 
rooted in laboratory activity Certain aspects of the laboratory were open to 
individual work on problems selected by students who wanted the experi- 
ence. In the 6th and 7th grades (students of 1 M 2, and 1 3 years of age) were 
given an opportunity to select science programs grouped under the rubric 



^Principal Barbara Barnes headed the program. 
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VOPIS (VocationaiJy Oriented Program in Science). The program was 
freely chosen, and it was open to all those with an interest in science as a 
possible career no matter their **ability" The program, centered richly in 
science and technology, naturally required a decent level of abilities in 
mathematics (as a tool of science), in English (as a tool of science in commu- 
nications and writing of reports), and an ability to carry through individual 
work in investigation (problem solving). Students who found the work toe 
demanding were allowed free exit to the "regular" course work. They could 
return at the beginning of a new semester if they were so inclined. (On this, 
see The Revolving Door Identification Model [Renzulli, Reise, and Smith, 
1981].) 

Early assessment indicates that there were at least two classes in the 
eighth grade who were of exceeding competence in science. That is, they 
were competent in acquiring scientific knowledge and skilled m inquiry by 
the scientific mode (including the laboratory and computer). In brief: There 
was no need to identify the young at the early age of 9 or 10; after all, 
childr«;n do develop at different rates. The entire elementary school could 
then be utilized to permit children to "sort themselves out." The key: a rich 
program that appeals to the young so that they may select themselves 
without threat or penalty of "failure." 

There L, however, clearly a need for specific and reliable methods to 
assess the ability of individual students to conduct scientific mvestigations. 
We turn next to various programs that offer such opportunities. 

Environments That Promote 
Expressions of Giftedness 

Science programs designed especially for gifted middle school students 
occur in a variety of locations, ranging from the classroom of a teacher who 
successfully challenges his or her one or two gifted children, to summer 
camp programs that involve groups of gifted children interacting with each 
other and the environment. Jay McTighe (1979) has identified five criteria 
that serve the needs of the science talented at the middle school level. He 
suggests, 

1. Emphasis on methods and processes of scientific investigation 

2. Exposure to topics and concepts that interest and challenge the highly able 

3. Actively engaging in "discovery-oriented"' student-designed experimental 
studies 

4. Sharing acquired '-'^owledge with others 

5. Observing and working with practicir\g scientists (p. 26) 

One of the oldest public school programs designed exclusively for the 
gifted is Pine View in Sarasota, Florida (Woolcver, 1979). The program 

O 
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serv<» students in grades 4 to 12. A typical 4th grade science class meets 8 
times weekly (40-50 minutes) with double periods for lab on alternate days. 
Field trips and hands-on activities form the heart of the program. 

Siunmer programs for the gifted are also popular. The Summer Discovery 
Insti^u:es in Warren County, Ohio, provided the opportunity for 90 gifted 
students from grades S to 8 to study water pollution (Hem and Hem, 1979). 
Each student identified a particular problem and spent the week investigat- 
ing it They were motivated in part by the knowledge that on the fifth day 
they would present their work to their classmates. 

Another summer program, which was sponsored by the Maryland Depart- 
ment of Education, was held at St. fiary's Center (McTighe, 1979). This 
two-week program for students in grades six through eight allowed the 
students to choose to investigate two of the following areas: artistic and 
creative expression, problem solving, historical and cultural exploration, and 
environmental studies. In the i. .ter session, students developed an original 
research project. 

Prognuns for the gifted are also found as part of the regular school 
program, but sometimes at unconventional sites. For example the Clear 
Creek lodependent School District (near Houston) has a special .x^gram for 
gifted students in grades four to six. Students identified as gifted by means of 
a combination of ''objective** tests of general ''ability,** along with recom- 
mendatk)ns» have the opportunity to select several courses, one for the fall 
and one f<v the spring. These classes meet at the University of Houston — 
Clear Lake» to which students are bused from their individual schools. 
Course offerings in science include sci'^.nce skills, physiology, earth science, 
nmrine biology, field ecology, and environmental history. The last three 
courses are taught at the Armand Bayou Nature Center adjacent to the 
campus. 

Another program that makes use of an unusual location is the Science 
Magnet School Zoo Component in Buffalo, New York (described in Rakow, 
1984). This program for students gifted in science, cited by NSTA as 
exemplary through the Search for Excellence in Science Education, uses the 
local zoo as the site for study and research. Students work with the zoo staff 
both in the general day-to<Iay functioning of the zoo and on specific research 
projects. 

The Montgomery County (Maryland) Public Schools recently offered an 
extensive three-year science project for gifted middle school students (de- 
scribed by Dragoo, McCullough, and Emmanuel, 1980). Funded under 
Elementory and Secondary Education Act Titl^* IV-C, the project built 
resource banks in the county schools to enrich the science studies of individ- 
ual students in grades three to eight. Students identified by screening and 
interviews as potentially gifted would meet with an adult counselor, who 
would use the Project Resource File to locate materials for the students and 
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make arransemen.^ for use. A list of possible resources gives some indication 
of the breadtu of experiences available to these students, as well as ideas for 
those wbo would develop their own programs: government agencies; corpora- 
tio:^ . factories, and industries; state o"- local academies of science; libraries; 
environmental groups; organizations with health concerns (cancer, heart, 
lungs); water research stations; weather stations and meteorologists; speak- 
ers' bureaus; 4-H nature centers; icout leaders; museums; military organiza- 
tions; airports; teachers (retired or active, at all levels); science fair judges; 
state departments of education (p. 10). 

This review of the educational tAvironments supporting giftedness gives 
some indication of the range of programs useful in stimulating the interest 
and intellect of scientifically gifted students. Whether in a classroom setting 
or an informal learning center, whether during the school year, on weekends, 
or during summer vacations, middle school students should have the chance 
for ample opportunities to stretch themselves to the limits of their abilities in 
the area of their interests. Surely, students* freedom to quest should extend 
to science in a world dependent upon it and upon technology. 



In Refleaion: Certain Personal Experiences 

It is 9:15 a.m. as I sit in my laboratory - waiting my new group of gifted 
middle school science students. I wait wicn some apprehension because I am 
never sure wha. to expect from them. If I have learned anything after three 
years of tcachinp gifted students, it is that they are characterized more by 
their differences than by their similarities. Each is unique. This makes 
teaching them exciting. It also mj>v ^ ' Jentifying and neatly classifying them 
nearly impossible. 

Whom did I expect f? through the door? As I think back upon the 
gifted middle school sr lents I have taught, many facts come to mind. 

I remember the shy girl from Taiwan. She could barely tell me her name 
on the first day of school. Getting her to speak in class was difficult. But she 
participated enthusiastically in the laboratory activities and seemed to have 
bctter-than-average manual dexterity Soon her success with lab manipula- 
tions gave her the courage to become a leader in the group, ana, by the end of 
the semester, she was actively joining in the class discussions. Her growth 
over 12 weeks was amazing. 

I also think of a boy with those special problems that test a school in its 
basic thrust: to meet the needs of all young. On TIPi>, he earned the highest 
score of any student that I have taught. Overweight, with poor social skills, 
he lived for science; he used his knowledge to compensate for his perceived 
inability to relate to the ot^er children in a social setting. And, within an 
environment designed for the gifted, he was accepted. He brought technical 
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skills and knowledge that the group needed to succeed. I believe that the 
program contributed to hi<^ gn>wth. 

And I remember others: a boy who would leave my class to practice for his 
violin concerto with the local symphony; a girl, younger than most of the 
others, who while intelligent was socially inunature; their classmates, each 
different and each special. How could I pos'^ibly begin to challenge and 
excite the imaginations of each of these individuals? Was there a way? 

Over the years, administrators, parents, and faculty developed a program 
in my city that seems to work. Middle school children from the 14 elemen- 
tary schools in our local school district are identified as gifted on the basis of 
a number of standardized tests and personal recommendations; these stu- 
dents are then eligible to participate in a pull-out program. Each Wednes- 
day, for four hours, they leave their home schools and are bused to the 
University of Houston — Clear Lake, where they participate in the program 
for the gifted. There, each semester, they have the option of participating in 
one of many courses such as geology, physiology, problem solving in math, 
computers, writing, archaeology, cultures and communications, and, at a 
local nature center, marine biology, ecology, and environmental history. The 
children select on their own their particular area of interest for in-depth 
study. Thus, students who have a keen interest in science are able to select 
from a number of science courses to develop that interest. 

One such course, designed to teach the students the process skills that 
scientists use while carrying out their ii./estigations and experiments, is 
called "Science Skills.** An intensive, hands-on laboratory course, it cTers 
activities chosen to illustrate a variety of concepts and science disciplines. 
The common thread is development of process 5 alls more than content. 
Each week a process skill is the central focus of the day*s activities. 

A typical day will have the student systematically identifying substance^ 
using techniques based on a variation of the Elementary Science Study unit 
"Mystery Powders.** Another day might find groups of students building 
towers with 25 drinking straws and 10 straight pins to see who can build the 
highest tower. After this contest, each student receives 50 straws. '^I pins, 
and the challenge to build the strongest bridge in the class. Visu i anothei 
day and students might be designing experiment' compare brands of 
paper toweling to determine which is the best buy. This day closes with each 
qroup*s presentation of . ommercial** to promote the best brand. 

What makes a good lesson for gifted middle school children? I believe that 
it has these characteristics. TliC lesson 

• focuses on the processes of science 

• encouragf f the students* problem-solving skills 

• is active, hands-on oriented 

• deals v'ith concepts and materials that are relevant to the students' lives 
and are of interest to them 
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• challenges the students' abilities in origination and innovation (sometimes 
called creativity) 

• involves the students in sharing with each other 

While the lesson is an important ingredient in developing a stimulating 
program for middle school gifted students, at least two other factors are also 
essential — the environment and ^He teacher. 

The environment where gift^xiness may be expressed is not only physical 
but also social. I am fortunate to have a beautiful teaching laboratory with 
stateof-the-ar; lab tables, equipment, and supplies, but these aren't manda- 
tory. To capture the students' imaginations, the room should be inviting and 
stimulating. There should be attractive posters on the walls. Live animals in 
aquaria or terraria, materials for exploration, and books for reference all 
contribute to a physical environment that spurs the children's interest and 
C'J 3ity. 

The social environment is also important. Many gifted children have 
difficulty with social skills. They have always been able to do much by 
themselves and sometimes find it difficult to muster the patience to work 
with another person. Many of them have been taught that asking anyone for 
help is a sign of weakness and that they should be able to figure things out 
alone (perhaps this message comes from their regular classes, where a gifted 
student is often given a pixject to complete alone). The bottom line is that 
many of the students with whom I work simply do not know how to cooperate 
with others. 

For this reason, develoning a cooperative climate is a primary concern 
from the first day on. Before the students come to class, I have divided them 
into five groups of four trying to maximize heter<)genc v. Boys and girls are 
mixed together as are students from different schools. Each student gets a 
name tag with a group color and a shape indicating his or her specific job. 

The development of cooperative skills involves helping the students to 
understand the importance of working together. We spend quite a bit of time 
the first day discussing why sharing with others is useful. One technique that 
appears to be especially effective in helping the students to share responsibil- 
ities if . the group the assigning of specific roles. I divide duties into four 
primary areas: pnncipal investigator, reccrder, materials manage**, and 
checker. These roles arc rotated weekly so that each student does each job 
several times during the semester. Each role has specific responsibilities that 
must be carried out for the group to function effectively. For example, the 
principal investigator is the group leader. This student manages the group's 
work. The recorder completes the data sheet and turns it in to the teacher. 
The materials manager gets the laboratory materials and resource materials 
and directs the cleanup. The checker monitors the involvement ana under- 
standing of each group member so that no one is left out. Research by Roger 
T. and David W Johnson (cited in this volume, 1975, and elsewhere) has 
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demonstrated the effectiveness of using a cooperative learning strategy to 
increase the achievement, motivation, and socialization of students of all 
ages, -\long with thc^e noble goals, I like the cooperative approach because 
the students work more eKficiently and effectively in their groups when ihey 
have had this exposure to group social skills. 

The final ingredient is the teacher. Obviously, teachers need to have a 
good background in science but as important as their knov ledge is their 
attitude toward science. Teachers are important role models for young stu- 
dents and, as such, need to exhibit an inquiring attitude. Teachers should be 
willing to say, "I don't know. How can we find out?" if students are also to do 
so.* 



Conclusions 

The middle school years are a time of rapid physical, social, cognitive, and 
emotional change. Teachers of this age group face a heterogeneous popula- 
tion that not only has vastly differing characteristics but also is rapidly 
chan5;ing. These two conditions make it difficult to identify qualities of 
giftc^ness; they may be hidden by thd complex changes that these children 
are undergoing. The need to nurture differences is critical, however. It is 
during the middle school years that somr of the most important lifelong 
attitudes and perceptions are foitned. We cannot afford to neglect the full 
development of even one student simply because of the difficulty of identify- 
ing special needs. 

Middle school science programs in general can go a long way to promote 
the expression of talent in science, and progranir> that embrace ideas pro- 
moted by the Search for Excellence in Middle/Junior High Science will 
engage students* minds and attentions, gifted or not. These hands-on, prob- 
lem-centered programs will help all student^ to recognize the central role 
that science pl ys in the lives of people and nations. But first and last, 
students will see science as a mode of self-expression and conduct, and a way 
of contributing to the advancement cf the culture of which they are a part. 
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Equality, Equity, Entity: 
Opening Science's Gifts for 
Children 

Bill G. Aldridge 
Dc*>onih C. Fort 

Equality, equity, and entity— Amencan goals as old as ihc Declaration of 
Independence — but hardly self-evident and by no means always realized: 
witness the Civil War and the end of slavery followed by segregation, the 
women's movement triumphant for suffrage but now in the service of fair 
treatment more broadly defined, and Martin Luther King, Jr. 's— among 
many others*— need to dream of persona', philosophical, professional fulfill- 
ment. While all teachers frequently face these concepts and their opposites, 
science teachers meet them in a special way and with special urgency. 
Equality— and differences, equity— and injustice, and entity— and compro- 
mises are all present in our classrooms. We aim io give an equal shake to 
different children; we try to help the young develop individually and as 
responsible members of family, group, and society, while they also learn to 
compromise; we stnve for justice, but our students must learn that unfairness 
hIso exists. 

In any event, adherence to the principles of equality, equity, and entity 
Uke& on paramount, even supcrordinate, importance in elementary schools, 
where love for all kinds of learning c'\n be bom. Or, if the rchool is inaov 
quate to nurtUi-c children in the spirit that greatness in teaching requires, 
they may be lost. For, even with the nr^':essary resources that few schools 
have in thi-^ present political climate, remediation, even extensive remedia- 
tion, may not be enough. 
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After briefly tracing some of the sources of disadvantage in this land of 
plenty, we will tiy to set a rourse where equality, equity, and entity can 
flourish. We shall describe communities that nourish classrooms with broad 
curriculums in safe and friendly environments that encourage the discovery 
of the widManging skills that may become -science." In so doing, we are 
fortunate to be able to inform our discussions by drawing upon the work of 
the scien^ts and teachers who have contributed to this volume. 

But firsts some definitions. 

Equality 

We are using equality* to mean access to equal opportunity in schooling — 
not a simple concept at ail. It might at first seem that merely to give every 
student the sami% charice at the same materials and the same instruction 
would offer access to equal opportunity. But such a 'Tair** distribution does 
not bring true equality because every child does not bring the same genetic 
and environmental makeup to school. Difierent children come from different 
educational milieux that comprise their socioeconomic and familial prepara- 
tion as well as their schooling. Thus, we must distinguish between the entire 
educational configuration of children's learning, personally, at home, in 
society, and their schooling— the instructed learning they do through the 
agencies of schools. Because educational and genetic backgrounds differ, we 
camiot achieve equality through simple division of resources into equel 
parts— one per child. One of our goals in the service of equality of opportu- 
nity we have borrowed from Hippocrates to at least do no harm. We at least 
must not increase the gap between opportunities. 

To nanjw this gulf, children from disadvantaged educational back- 
grounds n^ed extra help in schooling. So do children with gifts. As R. 
Haskins and James J. Gallagher (1981) put it and Gallagher elaborated 
(1986), we need to offer "unequal treatment of unequals in order to make 
them more equal** (p. 234). Speaking of the need for equal opportunity for 
slow learners, G. Orville Johnson o.fers a summary useful for all students: 

Every child has the right to nn equal opportunity for an education. This does not 
mean tuat all children will receive the same or identical educational w..periences. 
This means that the educational experiences provided each child will be those that 
will promote learning for him [/her] ii. the best way and to the highest degree 
possible. (1962, p. 33) 



^Absolute equality is, of course, not only impossible but also undesirable even if 
attainablr. While we strive for equal opportunity, we affirm onr differences. What 
a confusing and boring world if we all looked alike, thought alike, acted alike, and 
aspired alike, if we not only all could be president or compcse a sonata or play 
goalie or bake a chrrry pie but also all wanted to. Access to equal opportunity 
does, at least, give a certain visibility to different competencies, skills, and talents. 
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Equity 

Equity— yiiVww— is also a complex matter. We will be using the concept 
here as it applies to both the macrocosm of the young's environment at large 
and the microcosm of their world in school. A numUr of thinkers have 
pointed jut ilat asking schooling alone to foster equity is fruitless, becau<« 
the school is only one part of educati. n, ideally an important part, to be sure, 
but impotent on its own to ensure fairness, to make the unequal more equal in 
opportunity. 

Statistics show that what the fairest, the kindest, the most competent 
teaching can do for most children of disadvantage is not enough. Lawrence 
A. Cremin documents the noble efforts of American schooling to serve all 
the children by the movement called progrcssivism (1966). Richard H. de 
Lone (1979) in Small Futures (alas, a perfect title) discusses the rfr- 
Horace Mann, growing from Locke's phil jsophy and embraced posiu . * v or 
negatively by reformers of American **education" since our nation was bom, 
that through schooling children of poverty can be given an equal chance at 
American opportunities. Schooling is often asked to reform society. 

In this task, the schools must fail. Progrcssivism asked superhuman feats 
of its teachers; the Horatio Alger myth was not even a reality for Alger's own 
heroes, to say nothing of real office boys who want to become corporate 
presidents (Kaweiti, 1968). Part of the rags-to-riches aspect of the American 
dream has come to include the poor hero's use of his diligent application at 
school to rise to wealth and power. But this feature is also a myth, and often a 
destructive one in terms of what schooling can do to fight unjust inequality. 
De Lone 's first paragraphs define the reality all too clearly: 

Jimmy is a second grader. He pays attention in school, and he enjoys it. School 
records show that he is reading slightly above grade level and has a slightly better 
than average IQ. Bobby is a second grader in a school across town. He also pays 
attention in class and enjoys school, and his test score' quite similar to 
Jimmy's. Bobby is a safe bet to enter college (more than .uur times as likely as 
Jimmy) and a good bet to complete it— at least twelve times as likely as Jimmy 
Bobby will probably have at least four years more schooling than Jimmy He is 
twenty-seven times as likely as Jimmy to land a job which by nis late forties will 
pay him an income in the top tenth of all incomes. Jimmy has about one chance in 
eight of earning a median income. 

These odds are the arithmetic of inequality in America. They can be calculated 
with the help of a few more facts about Bobby and Jimmy Bobby is the son of a 
successful lawyer whose annual salary of $35,000 puts him well within the top 10 
percent of the United States inconK distribution in 1976. Jinuny's father, who did 
not complete high school, worlcs from time to time \ messenger or a custodial 
assistant. Kis earnings, some $4,800, put him in thv bottom 10 percent. Bobby 
lives with his f^ither, mother, three brothers, and two sisters 

In the United States, as elsewhere, it is a penalty to be bom poor. It is a 
compounding penalty to be bo, to parents with little education. It is a further 
penalty to be bom to parents who are frequently unemp'-^'cd and whose employ- 
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mentcppottunities are limited to reiatively uninteresting* dead-end jobs. All these 
penalties are increased still more for children in racial minorities. They are further 
increased for girls. Some of the penalties are immediate— poor housing, inade- 
quate medical care; some accumulate slowly, influencing the development of 
adult skills, aspirations, and opportunities. Together, they produce the odds that 
make Bobby*s probable future a vista rich with possibOities and Jinuny*s probable 
future a small door into a small room. (pp. 3-4)* 

It is society's job to reform society. This is not to say, however, that schools 
canuot be and should not be part of the overall reform. In Japan, education, 
l(Hig an effective way of rising socially, has become an even more prominent 
source of upward mobility with postwar demands for economic and indus- 
trial expertise. (See Pinchas Tamir*s paper in this volume.) But our national 
purpose is not unified to the extent Japan's is; thus, schooling cannot alone 
guarantee success in this country. Kemieth Keniston (i979) and others note 
that remaking society to ensure a more equitable educational background 
for all children is the far-reaching means to offering a fairer stake in the 
future. De Lone focuses on economic redistribution as the means to this end; 
other philosophers suggest other roads. 

Recognizing the importance of larger social and economic structures, we 
still point out that one of the ways in which teachers can act to help their 
students enjoy equal access to opportunity in schooling in general and sci- 
ence in particular is to offer as broad an educational environment as possible. 
Wide instiuctional and curricular approaches should help to offer students 
with many uifferent strengths (ar d weaknesses) the most equitable chance at 
discovering gifts in science. And finding a gift, finding a liking, may open the 
door— even to a child of disadvantage— to the later development in high 
school or college Oi a talent in science. Paul F. Brandwein writes: 

To give opportunity not only for all children so that they may (a) reduce disad- 
vantage in development ... to (b) reduc c disadvantage in knowledges, values, and 
skills and to (c) open avenues to selection of interests in a nch woHd of work, an 
elementary school curriculum appealing to the diversity of talent found in almost 
any culture becomes a requirement of the culture that wishes to advance the life 
and living of its young. (1987, p. 36) 

Teachers can help to foster the equity the^' csnnot alone guarantee, then, 
first by offerii)g different kinds of attentioi to diffcrendy prepared students 



•See note on pp. 209-210 for the sources of de Lonc's "odds" for Jimmy and 
Bobby. (Note that the amounts are in 1979 dollars; in 1988, Bobby*s father would 
make about $56,595; Jimmy*s, $7,761 .) Excerpt from Small Futures by Richard 
H. de Lone, copyright • 1 979 by Carnegie Corporation of New York, reprinted by 
permission of Harcourt Brace Jovanovich, Inc. 
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(tendingt for example, both to those whose background calls for remediation 
and to those whose gifts open them to wider experience) and then by provid- 
ing the widest possible curriculum. 

Science calls for an enormous variety of skills, as we shall see not all of 
them part of traditional curriculums — that is, reading, writing, and 
arithmetic; thus, a broad curricular approach can both serve student popula- 
tions with varied strengths and weaknesses and begin to awaken science 
interest. Mixing students with educational advantages with those whose 
backgrounds are different may, as we shall see, also serve this purpose. In 
this, we endorse the findings of many researchers, as well as our own experi- 
ences in teaching both selected and mixed groups of students. The heteroge- 
neous classroom also affirms the benefits James S. Coleman-H)riginally 
strongly, then with somewhat less vigor— believed accrued fran mixing 
children of different academic and social backgrounds (1966, 1972). More 
recent studies "robustly document" (Cole and Griffin, 1987, p. 28) the 
detrimentol effect upon "low ♦rack" students by "ability" group gs; dis- 
agreement remains about the effect of tracking upon the "high-ability" 
studenU (Persell, 1972, cited in Cole and Griffin, sees a slight imprx^vement 
in their progress; others find a diminution of expression). 

Finally, the National Science Foundation has recently announced its con- 
viction that offering science to the widest variety of students possible will 
open some fields previously closed to wonen and minorities (1987, May). A 
report to the National Science Foundation (Knapp, Steams, St. John, and 
Zucker) suggested that the Foundation concentrate on un educatk>nal model 
that would bring into science careers a larger population, rather than skim- 
ming the creanTi. 

The present sequencing of courses and tracking of students reinforces the 
accumulation of advantage for some students and effectively precludes oth- 
ers from later selecting science as a career. A child who has not enrolled in 
algebra in the eighth grade and has not subsequently taken the other more 
advanced math courses in sequence is unprepared for the series of advanced 
science courses required in high school. In addition, if he or she wishes to 
major in a physical science in college, a further handicap can occur: Since 
these advanced high school courses often duplicate introductory college 
courses, the children who took them enter college with advanced knowledge 
of the subject, which is perceived as greater ability; thus, their prior advan- 
tages are rewarded, leading them to continue in these fields. Others, who did 
not pursue such courses early but later show an interest, are at such a 
disadvantage that, without special assistance or extraordinary motivation 
and persistence, they may not successfully compete with their more advan- 
taged peers. Since disadvantage in physical sciences often is associ'ited with 
women and minorities, it is not surprising that we find them in such dispro- 
portionattly low numbers among physical scientists. 
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How the* d we help the gifted child who has not yet achieved signifi- 
cantly in science or math? Motivation is well-established as a major variable 
in learning. Self-esteem and self-image are strongly affected by success. 
Many children incorrectly believe that they lack the ability to learn science 
or math when they ctmpare their own achievement with that of their more 
experienced and advant!v5ed peers. This may make theunderprepared avoid 
taking such courses, neglecting science and math experiences because of 
their belief that some special abiiiiy is required, some talent that they fear 
they do not have. Yet nmt of the achievement in these courses is tested 
through the device of measuring acquisition of information and facts. 

Few young in high school under^irid i^c/eacc in terms of "What is the 
evidence?", "How do I know?", **Vliy Hn I helievi^yi or "Hnw do I find 
out?" These questions of thought and action are prerequisite to scientific 
inquiry and scientific literacy. The 1987 recommendations to the National 
Science Foundation mentioned above incline to the conceptualizatk)n of 
&cience^as4nquiry undergirding and preceding the acquisition of relevant 
data and information, leading in turn to the attainment of stable concepts. 
These concepts, then, form the underpinning for further understanding of 
the knowledge, attitudes, and skills that are the cumulative body of science. 

This study, as well as the conclusions of most other major ^fports, proposes 
that we must focus on science education for the general public. By offering 
our resources and attention to all the young, those who will be outstanding 
scientists will show themselves, all in their own tinie. 



Entity 

A concern for entity, /or full development of unique individual promise, will 
guarantee that the search for fairness and openness does not lead us to 
schooling that leveb rather than encourages the development of unique gifts 
and talents. With Carl R(«ers (1969), we believe that schools should ofTer 
students a harbor where they can find and try their skills without da^rcr to 
themselves or others. Of course, children must be physically safe as they 
grow and learn. But Rogers also develops the notion of psychological safety. 
To move toward entity, students must be able to pursue their individual 
interests without being stigmatized for being di^erent. While all students 
can legitimately be asked to learn ceruin basic parts of the curriculum— to 
read, to write, to figure, for instance — the school must also nurture individ- 
ual differences as desirable parts of a whole. James Boyer, Rudolph E. 
Waters, and Frederick M. Harris (1978) put this philosophy well: 
'individuals ... by their very nature represent difference, diversity, and 
complexity Within the framework of human difference one must prepare 
for the ultimate quest of the good life" (p. 175). 

; ER^C U;i i60 
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Wc make this respect for differences a cornerstone of our educational 
philosophy in general, but we insist upon it in science in particular. As we 
shall see, many historiar^ and sociologists, among them Derek de Solla Price 
(1961/1975; 1986), Harriet Zuckerman (1978), and Roger T. Johnson and 
David W. Johnson (in this volume and elsewhere), have commented upon the 
collaborative nature of science. But teams do not mean clones— science 
flourishes, often, when highly individual talents and insights combine to 
make new knowledge. Teachers in general and science teachers in particular 
can neutralize inequity and encourage entity, paradoxically, by embracing 
differences as they help children discover and exercise individual abilities. 
Neither equality nor equity need demand the sacrifice of entity 



Increasing and Decreasing by Multiplication 

A number of scholars have examined the almost exponential effect— both 
for advancement and for failure — that selection, usually predicated upon 
some kind of ability grouping, can have upon learning and achieving. Harriet 
Zuckerman (1978) calls this phenomenon the "accumulation of advaniage"; 
Ann Bastian, Norm Fruchter, Marilyn Gittell, Colin Greer, and Kenneth 
Haskins (1986) term it "meritocracy"; Robert Merton and others have 
defined it as the "Matthew Effect" (also, actually, the Mark and Luke 
Effect as well). Merton, who apparently coined the term, used the "Matthew 
Effect" to describe the sciences' system of rewards (1968, 1975). More 
recently, Herbert J. Wahlbcrg and Shiow-Ling Tsai (1983) have mustered 
statistical evidence to show its applicability to students in general, and Keith 
E. Slanovich has discussed its consequences in literacy (1986). Zuckerman's 
analysis of the "accumulation of advantage" vis-S-vis the "scientific elite" is 
relevant here: 

AdyanUge in science, as in other occupational spheres, accumulates when certain 
individuals or groups repeatedly receive resources and rewards that enrich the 
recipients at an accelerating rate and conversely 'mp)ver;sh (relatively) the 
nonrecipients. Whatever the criteria for allocating r sources and rewards, 
whether ascribed or meritocratic, the process contributes to elite formation and 
ultimately produces sharply graded systems of stratification, (pp. 59-60) 

Similariy, students from homes with parents who care about and are knowl- 
edgeable about their children's education come to school with an environ- 
mental "head start" over their less fortunate peers from backgrounds where 
education is not a high priority The children of advantage are also likely to 
have parents who work to sec that their (rffspring receive the best possible 
schooling; those of disadvantage may not. Wealth is not essential to the 
creation of advantage (the value of education a nong certain minority groups 
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seems to have little to do with their economic status [see Jim Cummins' 
analysis cited below]). However, the advantaged students are likely to come 
fmn more prosperous homes than those of the disadvantaged. 

These individual inequities among educational backgrounds seem inev- 
itable. Different parents care differently for their young with different re- 
sources. A he children from privileged homes often start with advantage 
accumulated by "addition/' (On this, see de Lone, passim, but particularly 
pp. 113-139,) Science elites, Zuckerman writes, begin *Vith certain as- 
cribed advantages [and] continue to benefit, to receive resources and re- 
wards on grounds that are 'functionally irrelevant' [Merton's term] that is, 
irrespective of their occupational role performance" (p. 60). How similar her 
thesis seems, on another ground, to de Lone's. 

There are a number of ways a child can accumulate <//5advantage with 
regard to a future career in science: 

• One can be female. Jane Butler Kahle (1983) points out that, although 
women make up SO percent of the work force, they make up only 6 percent of 

^ scientists and engineers. 

• One can come from a home (often but not always a poor one economically) 
that does not emphasize traditional academic education. 

• One can be a member of a "dominated" minority group. (See Cununins' 
discussion — briefly summarized below — of immigrant, autonomous, and 
dominated minority groups.) However, the National Center for Education 
Statistics reports that of 362,369 bachelors' degrees awarded in the physical 
and social sciences and psychology in 1980-1981, 338,271, or over 93 per- 
cent, went to white non-Hispanic students. (For comparison: The 1980 cen- 
sus reports that white non-Hispanics make up 83 percent of the total U.S. 
population and 73 percent of the secondary and elementary school popula- 
tion.) 

• And, finally, one can attend au inadequate schu)l. 

The last circumstance can put at hazard any gifts that have survived these 
original disadvantages. But an effective school can work to begin ameliora- 
tion. Reducing disadvantage takes long, careful work. 



Changing the Formula 

Perhaps the greatest mischief in accumulating disadvantage for some while 
guaranteeing success for others has been done by sometimes entirely well- 
meaning people who embraced a now rather widely discredited view of the 
flxity and genetic nature of "intelligence," particularly as expressed in nu- 
merical IQ. (Other tests can also be unfair for elementary schoolchildren 
with limited educational backgrounds, but perhaps misuse of IQs has done 
the most damage.) Stephen Jay Gould (1981) entitles a chapter of The 
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Mismeasure of Man "Hereditary IQ: An American Invention." Richard C 
LewoAtin (1976) is equally blunt, attacking as does Gould the experimental 
techniques that produced hypotheses on fixed IQ and noting, in addition, **it 
is totally incorrect to equate terms such as Inherit,^' or *genetic' with a term 
such as 'ur oangeable' although this equation is often made'* (p. 8). Of the 
'facts' from which the heritabiiity of IQ has been calculated, ..." 
Lcwontin comments, "the gathering and presentation of these facts have 
been so scandalously bad as to constitute a veritable Watergate of human 
behavioral genetics" (p. 10). 

If one sees ^Intelligence" as a multifactorial trait resulting from the 
interaction of heredity and environment, one can turn to schooling and 
educaticHi for certain remedies to deprivation. Like most scholars, those who 
amrm ihc importance (not the omnipotence out the importance) of excciient 
schooling agree that environment interacts with heredity in the expression of 
individual ,?ifts. This is not to deny the importance / genes to intelligence, 
merely to adniil uur relative ignorance of genetic effects on the multifac- 
torial trait we call intelligence. But, with our admission of our relative 
powerlessness to change genes, we also posit our relative power to change 
environment— in this case that of the school— in such a way as to help 
potential intelligence emerge. 

Giving children of disadvantage the boost that could move them toward 
the originally unequal position occupied by their luckier cla^-smates can take 
a number of forms. Ideally, disadvantage should be attacked in the whole 
configuration of a child's education — parental training, attendance to physi- 
cal health, building of self-esteem from the earliest possible age. Stanhy 
Coopersmith ( 1 967) notes four areas of psychological strength that should be 
fostered both at home and at school. Children who value themselves believe 
in their own significance (as mirrored in the acceptance and affection of 
others), their own power (as it appears in their relations with their peers), 
tb )ir own virtue (as expressed in self-developed ethical standards), and their 
own competence (as reflected in successful achievement). 

Unfortunately, far from all children come to schooling secure in this kind 
of education. One remedy, which has seen widespread success internation- 
ally (Austin, 1 976), has been the institution of "Head Start" programs which 
help children starting in the preschool years to transcend poor environments. 
Altiiuugh all children seem to profit from good preschool programs, Austin 
finds, they are "crucial" for disadvantaged children. A later study of poor 
children (between 9 and 19 years of age) who had attended preschool pro- 
grams confirm Austin's findings. Irving Lazar and Richard B. Dariington 
(1982) found that preschool programs "had long-lasting effects in four areas: 
school competence, developed abilities, children's attitudes and values, and 
impact on the family." Another longitudinal study traciiig the effects of 
prcschools on disadvantaged young at 19 years who were enrolled at 3 and 4 
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is equally hopeful. Lawrence J. Schweinha David R Weikart, and Mary B. 
Lamer write (1986), 

High-quality early childhood education for disadvantaged child^'en is a highly 
effective way of improving their lite chances. High/Scope's Perry Preschool study 
is a good example. Disadvantaged children who had . ' 'ended a good preschool 
prograir., compared to a randomly assigned control group, were significantly more 
likely to graduate from high school, enroll in postsecondary education, and tind 
themselves employed. They were significantly less likely to be assigned to special 
education classes, ^ .:mit crimes, have children themselves during their teenage 
years, or receive welfare assistance (Bemieta-Clement, Schweinhart, Bamett, 
Epstein, and Weikart, 1984).* 

So it was found that early childhood education can work. High-quality pro- 
grams <br disadvantaged children the ones most in need and mosi difficult to 
rea'jh, can have positive effects, h is clear however. . . . tha^ even hi<** 'y effective 
programs will not cure the problems of all the children, their families, or of 
society — far broader efforts at social reform involving more than education [sic, 
schooling, as we have been using the term] alone are necessary for tha' end. (p. 16) 

Widening the environment of the disadvantaged should begin to open for 
them some of the environmental riches of the more fortunate. One way of 
dc.Ag so, as we have seen, seems to be the Head Start programs. Another is 
through programs that attempt to encourage groups — like ^vomen, for exam- 
ple — to try their hands at Sw.ciice and math by establishing special programs. 
The American Association for the Advancement of Science (1984) has 
studies a number of such programs, among them the successful EQUALS 
program at the Lawrence Hal! of Science (Berkeley, California). Another 
approach opens — by special scholarships or other dispensations — excellent 
schools to students whose finances or locations would ordinarily disqualify 
them from entrance. One thinks of magnet schools or out-of-boundaries 
placements in the public schools and financial aid to send disadvantaged 
^'tudents to private schools and colleges. Open environments should also 
begin to introduce all students to science, which encompasses not only our 
v/iiz world but also woHds beyond and within it. 



Broad Horizons and Wide Curricuiums 

NSTA has lamented on numerous oc ,sions the number of underprepared 
science teachers at the secondary and postsecondary levels. The profession 
simply lacks science teachers—as such — at the elementary school le* el. Few 
science teachers, let alone specialists, are attracted to the first six grades. 



^(See also Berrueta-Clement, Schweiv ^art, Bainetv, Epstein, and Weikart*s 
[1984/1985] Changed Lives: The Efficts of the Feny Preschool Program on 
Youths Through Age i 9 for a full summary of the studies.) 
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There arc approximately 1 .2 million teachers at the elementary school level 
in the United States. The average elementary schoolteacher has studied one 
course in science. It is not surpnsing. therefore, that such teacher? feel 
inadequate to teach science ^n the elementary school setting whce expert- 
enccs developed for children include inquiry through "Kinds-on" processes 
in phenomena embracing both biological and physical sciences. It is in the 
latier— chemistry, physics, geology— that elementary school science teach- 
ers have inadcqut e preparation; thus, they are inclined to give these over to 
treatment by readin^^ often reading alone. 

rhis is not at all to deny the importance of reading; scientists often spend 
as much time in the library as in the laboratory. So students who read as well 
as experiment in other ways do so in the mode of scientists; they do not 
"reinvent the wheel" but use the discoveries of others in the time-honored 
tradition of collaboration in scientific labors. But, without knowledge of the 
general sciences, teachers will tend to focus on the textbook. At the efemen- 
tary school level, this is especially true. There is, however, a difference 
between reading science and doing science in rclatioi. o reading. And ihere 
is a difference between reading readiness in subject areas outside of science 
and reading readiness in science. The latter happens when students have 
direct real experience with a phenomenon before the words or symbols arc 
introduced through reading. As Lorraine J. Daston writes elsewhere in this 
volume, "World views begin with in-thc-fing^rs knowledge." 

"Hands-on*' scirnce—the actual experience with materials prior to the 
concept-formation that also requires reading of prior scientific work—is thus 
the science readiness that is prelude to understanding concepts. Teaching 
scientific vocabulary requires skills similar to teaching reading in other 
areas. And many elem-sntary schoolteachers are highly skilled in helping 
their students learn to read. In science, however, reading and direct experi- 
ence in duplicating and/or inventing ways of inquiry into phenomena to- 
gether supply the "brains-on" and "hands-on" modes of scientific thought 
and action. Young children benefit particularly from t ^^ ; \ppy combina- 
tion. 

There just aren't wcry many general science teachers m the first six grades, 
let alone specir' ^s. But, paradoxically, wc do not r*'^ this lacuna as being as 
crippling to the future scientists of the nation as the shorUges at later levels 
of schooling when the young's gifts for science begin to become talents. 

How can this be so? Bccauie tc incline as a young child to science is to 
sample the widest possible rang^ of subjects, although not— at the elemen- 
tary school level— to specialize in any aspect of science (much less, say, in 
biology or in chemistry), lo become a scientist, one needs the broadest 
possible schooling and education: one ttiust hav he opportunity to observe, 
write, speak, understand, reaso n ^uess, conn ct, separate, manipulate, 
adge, do math, make ethical decisions, . . . more. Only as the child develops. 
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some think in middle or high school ^^ee Kopelman, Galasso, and 
Schmuckler, and Eilber and Warshaw in this volume; and Brandwein [1955/ 
1981 J; others in university (see Humphreys [1985]), does a gift for science 
mature into a talent, perhaps attac. d, probably attached, to a specific ne!d, 
such as biology or geol-^> or physics (see Wallach, 1985). Then, because an 
essential way in which science talent is expressed is in origina;!*'^ 'vork, the 
absence of a trained teacher who could serve as mentor cau become a crucial 
lack. 

The lo^ to society as well as to the individual student of any child gifted in 
science to science is twofold and increasingly seno.;c We must not let this 
loss occur because of socioeconomic disadvantage; we must not let it happen 
to the very young because of limited environments in schooling or in educa- 
tion. For, in what Daniel P. . (1973) and others have called our post- 
industrial society, scientists are of paramount importance. This society 

I strengthens the role of science and cognitive values as a basic institutional 

necessity of the society; 

2. By making decisions more technical, it brings the scientist or economist more 
directly into the political process; 

3. Bv H^^'^'pen'iig existing t ^ndencies toward thft bureaucratization of intellectual 
worm it creates a set of strains for the tr. iitional definition"* of intellectual 
pursuits and values; 

4. By creating and < aending a technical intelligentsia, it raises crucial questions 
about the relation of the technical to the literary intellectual, (p. 45) 

Because scientists have become even more essential than in the past, we 
cannot lose individuals who may desire a lifework in science; we cannot 
inadvertently *'grind up the seed com/' But we will do just that if we allow 
children without wide experience to have *heif gifts overall — but particu- 
larly for science — lie largely undiscovereH As Brandwein writes (1987, 
September), 

It is abundantly ^lear that we cannot '"select" children for thc'r deveioped inter- 
ests, attitudes, and aptitude? in the arts, the sciences of society, and the natural 
sciences, let alone other areas of societal obligation, unless we afford them oppor- 
tunity to develop their interests in an environment rich in opportunity. This mur ' 
occur eaiiy in elementar> school. It would be fine if it could begin and continue in 
some recognizable way in the home. . . . Full minds do not develop on restricted 
experience and in an indifferent environnr.ent that does not augment a genome- 
driven organism that depends on its full development in interaction with the 
environment, (p. 40) 

To build such an environment in the elementary school, Brandwein suggests 
three curriculums based on the widest literacy (reading and writing) and 
numeracy (mathematics). Then, he adds co iStructs in three: the hamaniHes, 
the social sciences, and the sciences. (These three curriculums are summa- 
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rized on tables reprinted in Brandwein, 1987. Note: He is not prescriptive, 
nor is he arguing for standardized curricuiums: The conceptual and cognitive 
schemes he devises are purposefully broad to encourage particular schools to 
make choice appropriate to their specific needs.) 



Many Paths 

Thus, we need not only broad curriculuins affecting what is taught but also 
wide paths of instruction affecting how that subject matter is taught. And 
the eclectic nature of science could help us combat original disadvantage by 
amrming differences that could lead to entity. We can and do, often without 
knowiig, welcome many talents — Howard Gardner (1983) has defined 
seven ways to be ^^ifted: linguistic, logical-mathematical, musical, spatial, 
bodi!y-kinesthetic, interpersonal, intrapersonal. Rather than searching via 
tests for a liuuiogeneous gro. • of "gifted" students to whom to minister, we 
should embrace the rich and varied contributions of many of our nation*s 
young to our science classrooms. In this way, we can be not only fairer but we 
CT'' also teach science more effectively. 

Indeed, a homogenous group — however selected — ur/^ess artistically and 
effectively taught within a broad curricular design may deprive children of 
early and promising interaction with the widt population individuals with 
whom they will later spend their working lives. And it seems ever more cleai 
that explicit and implicit nurturing of our nation*s precious variability in 
peoples, m cultural diversity, in propensity and promise, may well guarantee 
our political, social, and economic freedom. And a homogeneous group of 
high achievers (again, however defined) can, if badly taught, fail in their 
courage to question, achieving, therefore, only incomplete understanding. 

Many children from backgrounds of disadvantage perform well in activ- 
ity-based science programs. Also, through participation in hands-on activi- 
ties that ask them to make observations, the young who tend to science are 
themselves made observable — visible — to their teachers and peers. When 
the activities involve observing and asking important questions, all students, 
advantaged and disadvantaged alike, are within the realm of science. Learn- 
ing to question makes their search for necessary information valuable rather 
than useless. And both the advantaged and the disadvantaged can learn 
together. 

A dangerous corollary assumption to the practice of rewarding achievers 
with the best resources — that because some students are "gifted," they are 
best served by isolation in groups with each other away from their chronolog- 
ical peers— needs some specific attention in its application to the treatment 
of gifted young in science. Because outstanding acvDmplishment in science 
requires a galaxy of skills and aptitudes, often shared among a team of 
researchers and technic^ns, any school or other educational environment 
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concerned with science must emphasize that individual research scientists, 
however individually engaged in tracking an elusive concept or datum, 
require assistance from individuals with a variety of skills. And today scien- 
tists also often require a modem tcchnolog) wondrously developed outside 
their laboratories by many kinds of technicians, engineers, and technologists. 
For example, an academic chemist engaged in research often depends on 
substances .applied by industrial chemists working worldwide. Students can 
Icam this conception of scientific work in any school laboratory and can 
demonstrate their knowledge in individual problem-solving investigations in 
which they engage, as individuals and as collaborators, as scientists in em- 
bryo. 

Even more than in the case of other aptitudes, "giftedncss" in science is 
not a single quality that can be increased by identification, isolation, and 
attention.* So, the specialized science high schools clearly turn out some 
young who become outstanding scientists. Their success is not at issue. 
Rather, the question we rais<» is this: What would happen if the same 
resources were devoted to improving science education for a larger audi- 
ence? 

It is true, of course, that to gain an advanced degree in science an individ- 
ual must demonstrate the ability to conduct an investigation; this process 
requires a kind of isolation. Naturally, a mentor should be there for consulta- 
tion, but the aspiring scientist must also show an ability to use prior re- 
searches to undergird his or her labors in a thorough and honorable way. All 
scientists personally have individual research ability in the arts of investiga- 
tion, in whatever context or specialty. Even when researchers are part of a 
team in a laboratory, each member of the group works individually on a 
subset of the problem, pooling the fin lijigs. Of course, one person may in the 
course of the investipaiion be requireil, again individually, to confirm anoth- 
er's data. 

Thus, scientists use books, test tubes, nJ'^roscopc:^, space vehicles, rats, 
computers, telescopes, the rese-^rch of contemporaries and predecessors— all 
or none of the above and much, much more to discover or uncover or create 
new knowledge. In the end, each major contribution to modem science 
achievement depends upon the work of meny scientists, working individually 
or in groups. 

We believe that these abilities she not pecessaiily be stacked, and in 
fact are not always stacked, in hierarchies. It would be silly to argue that 
Jonas Salk and his laboratory assisUnt deserve or should have the same 



♦Some talents miy develop more quickly through isolation and/or pull-cut 
groups. A pianist who plays Carnegie Hall at 1 1, a child who docs calculus at 5— 
prodigies like these may profit from intensity and selection—assuming that care- 
ful assessment of emotional cost is monitored during the "precocious" years. 
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"crcdii" for the vaccine. But in the kind of collaborations Zuckemian de- 
scribes, the weight of the contributions is not as clear. 
She notes that 

Quite contrary tc the twin stereotypes that scientists, especially the better ones« 
are loners and that important scientific contributions are the products of Individ* 
ual imagination . . the majority of investigation,; honored by Nobel awards have 
involved collaboration. Altogether, as many as 1 8 5 or almost two thirds of the 286 
laureates named between 1901 and 1972 wer. cited for research they did with 
others, (p. 1 76) 

We may easily postulate that most scientists work with assistance in labora- 
tories — or assist others. So science is collaborative. Scientists do form a 
special society. 

Jacob Bronowski, in Science and Human Values, argued this point elo- 
quently: Not only do scientists indeed form a society, but "the society of 
scientists must be a democracy** (p. 62). He continues. 

Science confronts the work of one man* with that of another, and grafts each on 
each; and it carnot survive without justice and honor and respect between man 
and man. Only by these means can science pursue its steadfast object, to explore 
truth. If these values did not exist, then the society of scientists would have to 
invent them to make the practice of science possible. In societies where these 
values did not exist, science has had to create them, (p 63) 

Nonetheless, Zuckcrman*s study has certain implications for schooling 
and education, if only because the models of investigatk)n lead to applica- 
tions in curriculum and instruction of benefit to the young as they study and 
lean . However, we need not stamp a single matrix upon the way we learn or 
solve unknowns. We find that individuals with various personalities and 
capacities are successful within various settings — on teams, in collaboratk)n 
with others, in distant lands, even alone, in the work they have chosen, 
whether in field or laboratory. (Witness the lone naturalist in a special 
environment) 



Hands On, Off, Together — and Minds On 

According to a study by Ted Bredderman (1982), all children doing activity- 
based science became more active learners and improved in their under- 
standing of science process skills However, he reported that the students 
who are helped most by such a orogram are the disadvantaged: 



*Man, mat is« human. Were Bronowski writing today, he would surely have 
written of men and women. * 1956 by Harper and Row. Reprinted by permission. 
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It srems that with an activity-base d science program, we have a form of teaching 
that particularly facilitated learning for disadvantaged students--a consistent 
finding that has been ignored for many years. Lower-ability, inner-city, lower- 
socioeconomic, and rural students benefit the most from activity-based scienc 
when compared with average-ability and advantaged students. This is true for all 
outcome areas for which evidence is available: science process, science content, 
attitude, creativity, and language development, (p. 75) 

Elsewhere, Breddcrman (1985) reports that other studies have tended to 
show that activity-based science programs helped students master science 
content as well as process. 

Mary Budd Rowe (1975) asserts that the group helped most by activity- 
based science programs were the children of the poor, many of them minor- 
ity students. She bases her statement on two sets of data. Some years ago, 
disadvantaged Harlem children did well during her trial runs at G)lumbia 
Teachers College of the hands-on devices of the Science Curriculum Instruc- 
tion Study (SCIS) and the Elementary Science Study (ESS), developed in 
the late 1950s and early 1960s with National Science Foundation assis- 
tance.* Her 1978 National Institutes of Mental Health study showed similar 
achievement. In activity-based classrooms, programs offer a significant 
opportunity for otherwise underachieving children to develop valuable skills 
that have lo , >term academic payoffs. Rowe found that a hands-on investi- 
gatory approach, pursued with much conversation amo- students and with 
the teacher, leads to satisfying gains in attitude as well ncrcased compe- 
tence in certain other areas. She observes, further, that "without science 
experiences, disadvantaged children tend to be easily frightened and frus- 
trated by simple problems. Their problem-coping skills simply do not develop 
satisfactorily . . W^^h [science experiences, children] usually learn strate- 
gics for attacking problems" (1975, p. 25). 

Ruth T. Wellman (1978), in a study that doesn't specifically single out 
disadvantaged students though it mentions their strong progress, finds that 



•Some of these curricula, among many others including Science — A Process 
Approach (SAPA), are available through Science Helper K-^, a compact disk 
product containing public-domain science anc mathematics lessons for elemen- 
tary and middle school students. Directed by Mary Budd Rowe and supported by 
a grant from the Carnegie Corporation of New York, the program offei-s almost a 
thousand activities, including early versions of the lessons developed in the 1950^ 
and 1960s with National Science Foundation help. Many of these carefully 
conceived programs have lain largely unused for years. Science Helper K-^, a 
compact read-only memory ioscr disk (CD-ROM), can be used by teachers, 
supervisors, researchers, and publishers with appropriate computer support. 
When a. (ached to the appropriate reader and printer, it can provide hard copy as 
well as screen versions. For further information, contact Dave Anderson, PC- 
SIG/ASC CD-ROM Publishing Group, iO30E Bast Uuanc Avenue, Sunnyvale, 
CA 94086. 




Proprams 

^research . . . builds a strong argument that the study of science helps young 
children to develop language and reading competencies'* (p. 7). Science 
denuinds mastery of vast amounts of subject matter, it demartds process 
skilk of many kind:*, as well as mastery of broad ranges of content. 

So studying and doing science in mixed groups creates the kind of comp' ;x 
environment for both the haves and the have-nots in which ^^real" science 
will later exist. Elsewhere in this volume, Johnson and Johnson have ex- 
plained that the system of cooperative learning they have adapted ^rom 
America's early schools — ^the onc-roon- ':hoolhouses of the pio: :ers -works 
well in learning a variety of subject matters. In small groups of boys and 
girls, mixed in '"abilities" as well as socioeconomic and ethnic backgrounds, 
students can cooperate toward one goal, one breakthrough on a model similar 
to those of scientist; in laboratories. Such a sy^em encourages the recogni- 
tion of individual differences as students work toward entity in their separate 
contributions to the group's project. It also encourages cooperation rather 
than competition, working together rather than alone. each child makes 
his or her contribution, he or she explains it so that the others understand. 
But the next contribution further develops the whole and provokes further 
understanding. 

For example, say the goal of the teacher (in this case, one ''Mr. F") is to 
help third graders understand something about the nature of gases in prepa- 
ration for a study of weather Brenda Lansdown, Paul E. Blackwood, and 
Brandwein describe the following interaction. A special kind of class discus- 
sion called a "colloquium"* 

revealed to Mr. F that his children considered air as a kind of light fluid, a 
homogeneous substance which could flow and push very much like a stream of 
water. Therefore, he decided that an emphasis on the particulate nature of matter 
would be appropriate. . . 

He gave each group of four children a berry basket containing a banana, some 
cinnamon, perfume, and peanut butter. Then he opened a bottle of ammonia and 
left it \u one corner of the room. The ammonia attracted most of the attention and 
started the colloquium. The children were able to establish the order in which 
groups of children noticed the odor. It was a strai^nc line from the comer of the 
room. Silence! Then one child said, "Something ^nust be coming from the ammo- 
nia bottle to us." "BiU of ammonia," said another. "What about the berry 
baskets?" was Mr. Fs redircctive question. "Bits must be ccn;irig from them. 



*By colloquium, the authors do not mean a discusston where a teacher asks 
questions and the children try to produce the "right" answers "The outcome of a 
colloquium cannot be preordained,*' they explain. "Each child is not expected to 

discover the same set of facts nor to see :he same hidden likenesses Individual 

reactions to . common experiences are never completely similar, resulting in the 
richness of speaking thoughts together, engendering thoughts by the verbal ex- 
pression of various observations" (p. 119). 
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too." There were a number of elaborations of this theme. "If the biu move, how do 
they get through the air?" The children said, "Kott can get through air, so why 
can't tiny bits?" ' Air gets out of your way when you move; it's like water when 
you swim, only easier." (Still the 'nalogy with a liquid!) 

"The bits you are tollcing about are molecules:' said Mr. E "Will you try to use 
this word and describe a model of what you think really happens?" 

[The children then volunteered and all endorsed these statements:] 

Molecules came off the aounonia and moved through the room. 

Molecules came off the banana, cinnamon, peanut butter, and perfume. We 
could smell these objects across the room. Molecules must have moved through 
the air. 

Just as Mr. E was writing down the last sentence, one quiet child came up with, 
"But what I want to know is why the molecules move in the first place " (1971 
pp. 198-199) 

This kind of operation works well in science learning. So does the 
approach Anncmaric Roepcr ukcs in her school for gifted children (de- 
scribed in this volume) which focLSCS in contrast on the unique need of the 
individual child to move, at his/her pace, toward self-actualization in a safe, 
reassuring environment with the support of gentle, sensitive teachers. In- 
deed, there arc children with different temperaments and attitudes; as we 
know, adi Its, too, vary in these traits. Some are or were loners and require or 
required the oppcitunity to work alone. Think cf Albert Mendel, of Isaac 
Newton, of Emily Dickinson, of Virginia Woolf— history provides unlimited 
examples from many fields. 




Some Alternative Approaches 

Some aitemativt approaches to instruction, to testing, and to progress 
through levels of schooling might help us to better serve ail students, with 
their inoividual needs.* Brandwein's design for self-«clection and evaluation 



*The recently organized (1985) Washington-based National Science Resources 
Center is compiling a collection and computer database of science teaching 
materials for the elementary grades. The Center has also prepared a comprehen- 
sive inventory of elementary school science teaching resources, which includes 
annouted listings of many of the materials in iu database, together with biblio- 
graphic data. Science for Children. Resources for Teachers (1988) also includes 
sources of mformation and listihgs of periodicals, museums, and professional 
organizations. Both the directory and the inventory will be updated periodically. 

Sponsored by the National Academy of Sciences and the Smithsonian Institu- 
tion, the National Science Resources Center is building a nationwide network of 
teachers and scientiste interested in improving the teaching of elementory school 
science. The Center develops aud disseminates resource materials for science 
teachrrs and offers a program of outreach and leadership development. 

Fbr further information, write to the National Science Resources Center, 
Smithsonian Institution, Arts and Industries Building, Room 1201, Washington, 
DC 20580. 
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in terms of students* originative work is persuasive, and not only for the 
gifted. (See "Apprenticeship to Well-Ordered Empiricism" in this volume.) 
With Bastian and her colleagues, we "reject that the alternative to quality 
for the favored few is egalitarian mediocrity or worse; instead, we identify 
the ways in which quality can be made available to all" (p. 31). One way of 
doing so is to provide what James Reed Campbell (1983) calls "horizontal 
enrichment" opportunities to all students, who can then choose to develop 
their gifts in man> directions. 

While it is clear that not everyone can become a great and talented 
scientist, schools can create heterogeneous atmospheres that foster the var- 
ied gifts that combine to make science happen. Individual rather than stan- 
dardized instruction and evaluation techniques could also help the "bottom" 
20 to 25 percent of the students, who get most of the failing marks and who 
often drop out of school. Some of those 25 percent are the slow learners 
whose case G. Orville Johnson so eloquently outlined (1962). Among his 
suggestions are differentiated curriculums and instruction for this group. 
Slow, we think, is not necessarily bad; lock step, we believe, is also not 
usually good. 

Cummins (1986, February), discussing "minority students," another 
"group" that is often part of the bottom quarter of the class (until its 
members drop out), makes some recommendations for individual treatment 
of, and respect for, minority cultures. He offers a three-pronged framework 
for '^empowering" minority students that encompasses both their schooling 
and education. Beginning with a careful definition of "minorit /" which notes 
the vast differences among such groups (are they low status ("^aste"] or high 
[some "immigrant" oi "autonomous"] for example?), Cummins noles that 

minority students are disabled or disempowered by schools in very much the same 
ways that their communities are disempowert by interactions with societal 
institutions. Since equality of opportunity is believed to be a given, it is assumed 
that individuals are responsible for their own failure and are, therefore, made to 
feel that they have failed because of their own inferiority, despite the best efforts 
of the dominant-group institutions and individuals to help them (Skutnabb- 
Kangas, :984). (p. 24) 

Cummins would "empower" rather than disable such students by changing 
three sets of power relationships: "classroom interactions between teachers 
and students, . . . relationships between schools and minority com- 
munities, ... and the intergroup power relations within the society as a 
whole" (p. 19). 

Like William Glasser's (1969) "schools without failure," which, by honor- 
ing different learning speeds and different approaches to subjects, could help 
each child succeed in his/her own way and time, Cummins would harness 
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the forces of both schooling and education to help actualize the strengths of 
mimnity students rather than label them and helplessly watch them fall. 



The Stakes 

In a world so complex that, as quickly as we learn, we risk falling under the 
avalanche of infor juition produced every day, all children must be helped, 
through the widest possible understanding, to offer individual contributions. 
Not an equal contribution, not the same contribution, but a unique contribu- 
tion of both each child's ability not only to take in, to understand, a snowflake 
of the avalanche but also to make of it a part of the structure of the changing 
world. As each snowflake is unique, so must be each student. We cannot 
afford to lose a single child— much less one in four. 

Many of us— both children and adults— are tempted to shrink before 
technology that can seem mysterious and threatening rather than enricht 3 
and helpful. James John JeHnek (1978) believes that "basic among [the 
former] assumptions and values is the belief that advances in the technolo- 
gizing of culture more and more deprive the individual of choice . . . [and 
notes that] Marcusc, Ellul, Whyte, Kafka, Toynbce, and Orwell expostulate 
this value with force and clarity" (p. 213). Those are eloquent voices against 
technology. But Jelinek goes on to cite its powerful potential for virtue as 
well: 



Basic ... is the belief that transience, novelty, and diversity become increasingly 
greater for individuals in a society as the culture of that s,ociety becomes increas- 
ingly more technological. The writings of Malinowski, Boas, Lederer, Ogbrun, 
Medawar, Chase, and Toffler provide vigorous and powerful elaborations of this 
assumption. The consequence of advanced technology ... is not a deprivation of 
individual choice but rather a plenitude, a complexity, a surfeit of individual over 
choice, (pp. 214-215) 

Children are not the only ones who must be able to embrace the positive 
offerings of technology and use it to help make the unique contributions on 
which our very survival may depend. A world so knit by science and technol- 
ogy that a gunshot in Asia can be heard in Brooklyn needs a literate, not a 
frightened populace. Adults too, especially but by no means exclusively 
teachers, must continue to open themselves to the scientific and technologi- 
cal information that comes to us daily. Through continuing education of all 
kinds, through retraining th. )ugh development 01 our fullest entity— not 
through sameness— our bciief is that equity will be achieved: a truly equal 
chance that affirms individual rights to move from different bcghmings 
freely to different destinations. 
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Science Centers — ^An 
Essential Support System for 
Teaching Science 

Sid Sitkofr 



During the past few generations, many science programs have evolved. The 
great majority of these programs emphasize an investigative, "problem- 
doing/solvipg** approach where students are active in the It.'^rning process. 
They are iree to be curious and creati x; th^y are free to question, to explore, 
to inquire, and to seek experience in search of meaning. Basic to this ap- 
proach is the need to provide teachei-s with those es$en..ials necessary to have 
the science classroom function as an environment in which investigation is a 
clear purpose. The laboratory is once again coming to the fore. 

The Science Center Facility and Its Functions 

A major purpose of the s cience center is to provide direct support for the 
teacher and the classroori. A science center makes available science materi- 
als and training related to the instructional program and the student activi- 
ties being planned. Other operations of the center include instruction for 
visiting students and special individual projects. After-sch'X)l activities may 
also be a part of the program; of course, this feature is based upon facilities 
and sup pert staff available. The center functions in this regard as a resource 
^^cnter hy providing 

• Science su^ plies and equiptrent for sciwucv ''^struction — these .naterials 
may be purchased ^""om comnie. cial vendors and/or p. 'xiuced by the science 
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center staff. For example, a multitude of items, such as heat conduction 
apparatus, gravitational test apparatus, battery holders, pulleys an ^ pendu- 
lums, mineral sample kits, and planetari im models can be readily produced 
at low cost. 

• Speciali^cd instruct'on for visiting students that motivates, reinl.. ces, and 
extends learning in science— visiting teacherj are trained to assist and guide 
participating students. 

• Staff development for teachers ard school principals -ine training jf the 
schooPs staff needs to be considered as a continuing process that bends to thv 
improvemeiH of the instruciiond program in science. 

The tiraining pRwided by the center staff should be carried out in coopera- 
tion with key teachers, at the school level.* This training may take the form of 
workshops at the science cener and school, inservice classes for academic 
credit, and miniconferences. The science center staff should not bear the 
entire responsibility for training. Leaders among the teachers and the princi- 
pal at the school site need to be offered instruction in the problems of 
implemering the instructional program, as well as in laboratory procedures, 
experimentation, and safety measures. Once trained, tnese faculty member* 
should actively participate in teaching other staff. 

Getting Started: 

The Initial Planning Advisory Committee 

One of the most effective approaches to mobilize support for the science 
program is to bring together leaders in the community and teaching staff. In 
this regard, the formation of an advisory committee is essential to establish- 
ing a science center facility. Such a conunittee usually consists of teichers, 
principals, administrators from staff and school district business offices, as 
well as community and local industry members. The committer does initial 
inning covering the center's 

• purpose 

• location 

• budget 

• staffing 

• functions and services 

• coinmunication to and from . field 

• e luat»on of its . perations 

The plan should develop specific objectives and tasks that are achievable 
within an allotted period. Because adequate funding will probably be un- 



*Scicnc^ centers often offer key teachers— for example, heads of departments 
or chairs o** cirricular and instructional comn^ittces— the opportunity to attend 
week-long scm.. , summer training courses, or workshops. 
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available the first year of operation for all desired services, it is worthwhile to 
consider a lot, ange or master plan. The master plan should encompass 
short- and long-range goals commensurate with the schooFs needs and re- 
laxed budget available for the operation. It is self-evident that the support of 
the district's board of education, administrative staff, and teachers is essen- 
tial to the project's success. However, it may also be desirable tc invite 
interested parents to the planning sessions. 

The Ongoing Advisory Council 

As the science cc iter becomes established, there are definite advantages to 
expanding *^e committee's participation with the parent-teacher association 
and the schc>i-advisory council in particular and the coiimunity in general. 
Involving the community wiK encourage coopcra' -on from representatives of 
locai industry and university scientists, well as parents. This expanded 
science-tsaching/community-advisory council should then advise the sci- 
ence center director in matters pertaining to the work of the science center as 
well its schoo' program. The term advising means inquiring, informing, 
suggesting, recommending, and evaluating. Thus, the council serves as a 
resource to the i:enter and to its director, who remains responsible for deci- 
sions necessa:y to the administration a..d supervision of the center 

A council should be a vehicle for increasing communication with as many 
groups in ti ? community as possible. If successful, this discussion requires a 
frank and open exchange of information. Th^ council's advice should serve 
the best interests of students and teachers. Akhough advice, in wl atever 
form, should represent the views of the majority of the council and should be 
based on objective information, in no way does this imply that minority 
reports or views would be unwelcome. 

If the science center is to best serve its function, its director would seri- 
ously consider advice from any additional sources such as staff, students, 
community organizatic is, area administrators, and, of course, the board of 
ed\ication. In making decisions, the director should consider such factors rs 
available facilities, personnel, funds, and the objectives of the science curric- 
ulum. In summary, the director is bound to considt 'he effect o'' his or her 
decisir^ns upon th^ students, staff, and the community. 



Personnel assigned toa fully op>erating center may include a suence resouice 
teacher or science specialist who directs the center's operations. The center 
will also require a clerk and support staff or science aides. The latter are 
responsible for construct liig and maintaining equipment and preparing spe- 
cialized materials as needed, such as putting together chemic&l solutions, 



Staffing the Center 
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growing cultures, caring for live animals, and organizing materials. Depend- 
ing upon the size of the particular district and the nature of services rendered 
from kindergarten through grade 12, more than one science aide may be 
necessary. Volunteer help from the local community should be encouraged; 
college students employed on a part-time basis are especially welcome and 
important. They may become future science teachers. 

The science center should provide essential supplies and equipment items 
used by schools for the implementation of a full science curriculum. These 
materials may be identified and provided individually, in quantities of par- 
ticular items, or in classroom kits.* In the case of the latter, the center's 
staff— as with the comnrxrcial kits described briefly below — should also 
restock the kits returned afver use to ready them for the next classroom 
delivery. 



Commercially Prepared Kits 
and Their Refurbishment 

Many schools purchase commercial science kits to accompany theii pro- 
grams—either supplementary kils designed to go along with textbooks or 
kits meant to stand alone. An important function of the center may ^e to 
refurbish the science kits after classroom use. T.ie process of rcstocki-ig the 
kits at the center should include taking an inventory of kit contents, replacing 
from the science c^jnter's central inventor^ materials used or missing, and 
remodeling the kit as necessary. This function can save teachers and school 
staff considwiable time, effort, and money. In addition, the ^its can be placed 
back into servi^^e v.'ithin a far shorter period than would be necessary were 
each teacher or school aide to check *he returned kits, requisition missing 
materials, and reorganize. 



Kinds of Matv rials in the Center 

A science center can make available science materials such as those listed 
below, which arc useful in elementary and secondary science programs. As a 



* A number of school districts buttress their science curriculums with such kits 
if science matcriails, which arc assembled locally and then delivered to individual 
classrooms, either routinely according to a prearranged schedule or upon request. 
Some districts with particularly successful science kit deliver) programs arc 
Anchorage, Alaska; Mesa, Arizona; Jefferson County, Colorado; Schaum^^urg, 
Illinois; Carroll County, Maryland; Monroe and Orleans Counties, New York; 
Springfield, Ohio; Monmouth/Independence and Multnomah, Oregon; Midland, 
Tex Fairfax, Virgi.iia; and Highlinc, Washington. 

l' X i 
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matter of course, legal prescriptions guaranteeing the safety of both students 
and specimens must be followed rigorously by staff responsible for collecting 
and maintaining plants and small invertebrates. 



Elementary Science Supplies ^ 



Type of Supply 



Examples 



Aquarium Plants 
Land Plants 



Aquarium Animals 
Other Animals 



Duckweed, elodea, foxtail 

Those plants native to the region or specialized plants 
used for terrariums and laboratory work. Examples 
an. ivy, mosses, clearweed, boxwood, philodendron, 
small podocarpus, and cones of gymnosperms 

Guppies, snails, tadpoles, crayfish, frogs, and marine 
life indigenous to and legally available from the region 

Earthworms, mealw. m , lizards, crickets, praying 
mantiscs, butterfly larvae, protists, and small animals, 
which are indigenous to the region and for v!.!:b 
teacher and students may care in health and safct'. 



Chemicals 



Seeds/Bulbs 



Benedict's reagent, bromthymol blue, dilute jodin: 
solution, vinegar, baking soda, cornstarch, plaster of 
Paris, yeast 

Carrots, beans (various kinds), peas, onions, radishes, 
sunflowers 



Various Soil and 
Fertilize. Materials 



Soil, sand, commercial fertilizers, pott*ng containers, 
flats for propagating seeds 



Physical and 
Earth Sciences 
Materials^ 



Magnifiers, electrical leads, ba -es, bulbs, bulb 
sockets, prisms, thermometers, weather instruments, 
rocks and minerals, pulleys, transformers for low-volt- 
age use, plastic test tubes, test tube racks and holders, 
microscopes, illuminators, extension cords, micropro- 
jectors, telescopes, planetarium models, globes, land 
form models, portable planetarium^ for auditorium/ 
classroom use 



Science Center- Pre pared 
Kits of Materials 



Many of the above items may be assembled in larger 
quantities within a sing!*; container to serve an entire 
class. This type of package va kit) can relate to a 
specific unit of study such as the use of microscopes 
for the study of microorganisms, or instruments for 
the stud' )f metcorolog). In addition, kits (accompa- 
nied by ^ inted instructions) may oe assembled wi;!^ 
materials relating to a specific topic, such as the 
growth of seeds, the metamorphosis of butterflies, 
magnc'.b, orelectiicJ circuits ' 



Man> of ihcsc materials arc u^ful at secondary as well as elementarv levels 
Some of these materials also have application to the study of biology 
^ See note to page 182 for further information on such curriculums 
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Secondary Science Supplies ° 



Type of Supply 



Examples 



Animals, Preserved 



Ascaris, crayfish, frogs, grasshoppers, fetal pigs, 
squid, starfish 



Animals, Tissues'* 



Calf or sheep brains, beef eyes, lamb shanks, lamb 
"'plucks'' — lungs, heart, tracl ea, liver, and gall blad- 
der 



Animals, Live 



Chameleoiis, land hei ''it crabs, crayfish, crickets, 
fertilized chicken eggs, earthworms, frogs, lizards, 
mice and/or rats, garden snakes, brine shrimp, 
snails, newts^guppies (as well, of course, as food for 
the animals)' 



Plants 



Bryophyllum pinnatum, cobra lily, coleus. Mimosa 
pudica, moss, tomato, Tradescantia, Venus flytrap 



Seeds, Bulbs, Spores 



Barley, bean, com, lettuce, geranium, melon, pea- 
nut, radish, sunflower, tobacco seed, onion bulbs, 
fern spores 



Cultures 



Amoeba proteus, Blepharisma, Paramecium, 
Chlamydomonas, marine plankton, Daphnia, Didin- 
ium. Hydra nicillium notatum, Planaria, pond 
water, Chlorella, Spi.ogyra, Euglcna, Vol vox 



Stains and Indicators 



Acetocarmine. Benedict's reagent. Biuret reagent, 
Bromthymol blue, Congo red, Eosin, Methylene 
blue. Methyl orange, Meth>l red, LugoPs solution, 
Phenolphthalein, Phenol red, universal indicator. 
Cobalt chloride p iper, litmus paper 



Kits Study of brine shrimp, Drosophila culture, chemical 

control of plant growth, microbial techniques, bac- 
teriology, minerals, study of X-irradiated seeds, 
yeast population study, model rockets 

^ The examples given err biological, perishable materials supplies Simitar lists may be 
developed for chc ^ istry, ph^ and geology Laboratories used for these sciences are. like 
the biology laboraiory, stocked with nonpenshabte supplies and equipment for normal 
classes 

^ May be preserved frozen 
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Housing for the Science Center Facility 

Housva^ for a science center facility can range from a classroom-sized 
faciH'y to an individual building with several rooms. Some school systems 
choose a complex of buildings offering indoor and outdoor science facilities. 
The available space determines, of course, many of the center's capabilities 
and functions. If space permits, students at the elementary level may visit 
the center for lessons that extend concepts taught in the classroom. The 
experiences and cc wpts developed at the school, in turn, should relate to 
and build upon those activities experienced at the center. At the secondary 
level, studenU can also use the center for designing and developing individ- 
ual projects. 

Teachers with appropriate training may teach their own classes visiting 
the center, basing the lessons on materials assembled by the center staff. 
And the instructional area of a center may be divided into science investiga- 
tion areas, oi rtations, allowing considerable individualization of instruction 
based upon the students' interests and aptitudes. After-school activities arc a 
tried and excellent way of stimulating individual instr- -ion. Volunteer com- 
munity resource people, among them scientists, are often very willing to 
assist students in their endeavors. 



StaflF Development 

The science center may also serve as a key site for the training of teachers. 
This training should relate to materials available Vom the center but, with 
proper planning and design, should correlate with the basic curriculum that 
teachers arc obliged to pursue in their own classrooms. Science center staff 
may be designated to assist teachers at thtir individual schools; the custom is 
to t csign workshops and inscrvice classes that address special problems. 
Centers should plan extensive training for beginning teachers to make sure 
they receive enough help. A long-term training program is particularly 
useful when a school needs the leadership of science center staff, working 
cooperatively with the administrator and teachers, to establish a total science 
curriculum. Of course, during such curriculum drsign, the significant rela- 
tionships that exist between science and other subjects, such as mathematics, 
reading, oral and written English, and the social sciences, chould be empha- 
sized. 



Budget 

The funding required to support science center staff, equipment, and materi- 
als varies. The amount necessary depends in Urge part upon the number of 
staff employed and the avaiiability of part-time salaried college students and 
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volunteers from the community. While the cost of salaries represents a major 
part of the budget, the science center should also have money for the initial 
purchase of both consumable and nonconsumable science materials. 

T.ie initial investment for the center need not be overwhelming. It is quite 
possible to begin with a budget adequate for the introduction of the program 
and develop that budget more fully over several years. Then, the staff to 
enlarge services can keep pace in number and skills with a growing curricular 
and instructional program. Once the center is operating, a proportion of the 
budget can be transferred to the center from schools receiving the services. 
For example, when schools order certain consumable science materials, 
funding for them could be transferred from the school account into the 
science center budget. The ainount of transfer should be based on the actual 
amount the science center initially paid for the materials, plus a smal! 
percentage to cover future costs when the same material is repurchased. The 
cost to a given school would still be far less than individual teachers would 
spend at supply houses, because t*ie center orders in quantity; further, the 
center can anc" da::s build and collect some of its own materials. A small 
additional ove. ride Jiight also be added to the price of the mater ^ to cover 
delivery in large school districts. In this regard, a minimal tu* ^und time 
for the ordering and delivery of materials to the classroom .ssential. The 
center should be acle to operate, in part, on a self-supporting basis with such 
transfer 'n funding. This economic process also places the center in ti^e 
position of supplying those materials that schoolf really need. Thereby, 
accountability is automatically built into the center's operation. 



E^luation 

Schools, teachers, principals, students, and the community using the science 
center should be able to evaluate the kinds of services provided and the 
quality of those services. A simple science center question»^ai:c, n'^ne with 
personal contacts and advisory committee perceptions, can provide this 
information. The evaluation should allow teachers to identify addiiicial 
science materials their classes require and to request particular types of 
training workshops. In addition, the center should i.iaintain some kind of 
record identifying materials checked out, school visitations to the center, and 
science center staff visitations to schawls. A full description of the effect of 
seminars and workshops upon the teaching program is also a good idea. And 
ongoing and annual reports are valuable ways of t^nalyzing science center 
functions. 

In summary, a science center is a valuable asset for any school district. It 
^n be cost-effective. It can provide for science teachers* immediate needs. It 
jan be an indispensable .upport for improving curricular and instructional 
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programs, thus enlarging the teacher's capacity to meet the needs of the 
great variety of students. In these ways, the science center can be part of the 
fulfillment of students' special abilities as they embark upon their special 
searches for excellence. 



187 



Avenues to Opportunity for 
Self-Identified, High-Ability 
Secondary School Science 
Students 

Sigmund Abeles 



For some, curiosity and tlic delight of putting the world together deepen into a 
lifers passion. 

— Horace Frceland Judson 
The Search for Solutions (1980) 

In the 1971 study released by the United States Office of Education on 
programs for the nation's gifted an i talented youth, then Commissioner S. P 
Marland, Jr., reported that, of the approximately two million gifted young- 
sters in the United States, fewer than 4 percent were receiving appropriate 
services. Just as Paul F. Brandwein's study of gifted science students (1955/ 
1981) serv(;d some three decades ago as a preluUe to a period of intense 
interest in the education of gifted and tclented youth, so did the Marland 
Report initiate yet another period of concern for this important group of 
individuals. 

Ultimately, the education of any student lies in the hands of the teacher. 
According to the National Science Board, "The teacher is the key to educa- 
tion — the vital factor in motivating and maintaining student interest in 
mat lematics, science, and technology" (1983, p. 27). The importance of 
this ^rincipJc has come to the fore once again after a period of some decline. 
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The intense efforts today to assure that students have the best and the 
brightest teachers available is recognition of what should always have been a 
self^vident tru'h. Yet, one is mindful of the materials developed during the 
1960s that were advertised as being "teacher-proof." 

The teacher is the key, but many organizations and agencies have also 
contributed time, resources, and action. For example, federal and state 
govenunents have been helpful from at least two points of view— one, in 
providing finanrm resources either to encourage or, in some cases, to man- 
date programs for gifted Students; and two, in he ing to support research '^n 
the gifted and *z disseminate findings. Beyond ihis, the federal and state 
governments have provided information about model programs and have 
assisted in the creation of new programs at local, regional, and state levels. 



Definitions of Giftedness 

As a case in point— the federal and state governments played a significant 
role in promulgating^ an appropriate definition for gifted and talented. This 
definition has broadened considerably over the years. Half a century ago, 
giftedness was defined almost solely in terms of a monolithic concept of 
••intdiigencc.'* In many cases, performance on IQ tests was the sole param- 
eter used for deten. wmig acceptance of youngsters into programs for the 
gifted. As research pointed to other vomponents of giftedness, such as pro- 
ductive and creative thinking, task commitment, and leadership ability, the 
definition of "gifted and talented" began to change. In the minds of some, 
the federal definition of giftedness has helped to shape ♦he state conceptions 
currently in effect. Jack Cassidy and Nancy Johnson (1986) quote ^nat 
definition as follows: 

the term "gifted and talented children" means children and, whenever appli- 
cable, youth, who are identified at the preschool, elementary, or secondary level as 
possessing demonstrated or potential ab lities that give evi('?*nce of high perfor- 
mance capability in areas such as intellectual, creative, specific academic, or 
leadership ability, or in the performing and visual arts, and who by reason thereof 
req.'i e services or activities not ordinarily provided by the school, (p. 15) 

Cassidy and Johnson believe that the imp'^ct of the evolving definition of 
giftedness as having multiple attributes has led to the fact that presently only 
four states still use a cutoff score on a test or tests as the sole parameter in the 
identification of gifted youngsters. 

The changing definition of giftedness has been guided by much research 
j^nd discussion in the field of human intelligence. The wo ks oi J. Paul 
Guilford (1967), Joseph S. RenzulL (1978), Howard Gardner (1983), 
Robert J. Sternberg (1984), and C^Win W. Taylor and Robert L. EUison (in 
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this volume and elsewhere) all propose a . lultiplicity of talents and 
intelligences, a position that leads to the notion of a broader definition for the 
identification of the gifted and talented. 



Special Opportunities for the Gifted 

As the definition changed, so did the oppoi"" unities for gifted youngsters. The 
number of studies considering methods of schooling for the lifted and tal- 
ented has also proliferated. The Richardson Foundation of Fort Worth, 
Texas, conducted an extensive survey of such methods in 1 985. This study, 
which collected information from 1,172 school districts across the country, 
identified some 16 practices for helping gifted students Since, of the 1 6,000 
school districts solicited for information, only about 7 percent chose to 
respond, the data reported cannot be considered representative of the nation 
as a whole. Nonetheless, the large number of returns provides considerable 
information about the structures and mctiiods in use. The practices reported 
were as follows: 

1 ) enrichment in the regular classroom 

2) part-time special classes 

3) full-time special classes 

4) independent study 

5) itinerant teachers 

6) mentorships 

7) resource rooms 

8) special schools 

9) early entrance 

10) continuous progress 

11) nongraded schools 

12) moderate acceleration 

13) radical acceleration 

14) The College Board's Advanced Placement Program 

15) fast-paced courses 

16) co*>current or dual enrollment 

Of these practices, it was reported that those most often used were the part- 
time special classes where students are pulled out for special instruction (72 
percent of the reporting districts), enrichment in class (63 percent of the 
reporting districts), independent study (52 percent), and resource rooms (44 
percent). At the other end of the spectrum, the following practices were used 
the least: fast-paced courses P percent of the reporting districts), special 
schools (4 percent), and nongraded schools (3 percent) (Richardson Study 
Q's and A's, 1985, January-February). 
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Identifying the Gifted 

This same study found that 97 pcrccit of the districts reporting used a 
formal identification procedure to sel ;ct students taking part in the pro- 
grams or practices for the gifted ana talented. The most often used proce- 
dure for identification was teachers' reconunendations (91 percent), followed 
by achievement tests (90 percent), and then intelligence tests (82 percent). 
(This last finding supports a 1981 study [Alvino, McDonnel, and Richert], 
which found that the most commonly used methods of identification for 
gifted students were based upon intelligence tests, which are highly corre- 
lated with achievement tests. Teachers' recommendations often take both 
tests into account.) Student grades were not used as much (50 percent) as 
these three methods, nor were parent recommendations or self-nomination (6 
percent). 

While self-nominatk)n into a program by gifted or talented youngsters 
doss not occur nearly as extensively as some of the other procedures men- 
tioned £.N)ve, entrance by self-identification Is, nevertheless, useful. How- 
ever, since the comprehensive work on self-identification conducted by 
Brandwein (1955/1981), research on the methods of self-nomination has 
been relatively sparse, as Theodore J. Gourley points out (1984). Brandwein 
showed that, when parameters such as IQ, achievement in mathematics and 
science, and achievement on standardized mathematics and reading tests 
were held constant, students who were "predisposed" (being persistent and 
questing) to science in their high school years were in fact more likely to 
pi ^uc science at higher levels of education and as a career than those who 
did not display this predisposition as strongly (pp. 30-32). 

Still, given the broad range of programs that are available, some questions 
still beg answers. For example, what percent of the students in a given 
program are there because of self-nomination? What percent meet with 
success in the program? Gourley also asks what percent meet other more 
traditional criteria for identification. Further, self-identification does not 
necessarily happen In isolation. Parents, teachers, friends, school counselors, 
and printed materials help a student decide what course to follow, project to 
underuke, or path upon which to embark (IDelisle and Galbraith, 1987). 

While many sifting practices involve oclf-selcction, one, the Westinghousc 
Science Talent Search Identification Model, uses this process more intensely 
than do many others. Joyce Van Tassel-Baska has written. 



The Ulent search focuses much more sharply than most identification protr :dIs 
on self-election or the voluntccrism principle. The commitment to talent search 
and to follow-up procedures must be made by students and parents in order for the 
identification to occur. It is this volunteerism principle that has been an important 
aspect in making the model so adaptable to a variety of school and geographic 
settings, (1984. p. 175) 
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Clearly, self-nomination can be an important aspect of a program for 
gifted youngsters and, therefore, should appear as a goal within such a 
program. For gifted students, teachers should be concerned about develop- 
ing "ability for self-appraisal, identification of special abilities and interests, 
finding oneself by tryout; in short, goal setting and self-concept building*' 
(Mo- in, Tennant, and Gold, 1980, p. 37). 

/ he secondary school level, self-nomination plays an important role 
<5X).iesSs ' in various programmatic ^riys. Some important ones ar^ 

• advanced course electives 

• honors programs, oif-campus 

• independent study, mentoring, and internships 

• special sites and schools 

• programs using new technologies 

Some of the many examples of these types of practices and programs in 
science will be described below. Th^re can be considerable overlap between 
and among these categories. 



Advanced Course Electives 

Many students take courses in science at the high school level that go beyond 
the "big four"-~«arth science, biology, chemistry, and physics. There are a 
number of advanced courses in areas such as anatomy and physiolo<?y, 
geology, ecology, meteorology, astronomy, marine biology, electricit} i 
magnetism, organic chemistry, and biochemistry. These elective cou 3, 
often taken :r! the 12th grade, are usually selected at the discretion of iiie 
student — an example of self-identification. 

Another type of advanced course is one that carries with it the possibility 
of college credit. Many arran£' tnts between local high schools and neigh- 
boring colleges and universities allow students still in high school to earn 
college credit. Some universities award credit in specific subjects to a num- 
ber of high schools within their state or region, if the high school has met the 
university's requirements for course content and teacher background 

The most notable program in this area, however, is the Advanced Place- 
ment Program, an activity of the College Board. This program also offei 
students still in high school the opportunity to take college-level courses. 
Upon completion of the course or courses, students, for a fee, may take 
examinations and get credit at tliC participating colleges where they enroll. 
This program has grown dramatically over the years. In 1955-1956, 1,229 
students from 104 high school^, took 2,199 advanced placement examina- 
tions. During that same year, 1 30 colleges took part in the program. In 1 985- 
1986, 231,378 students in 7,201 high schools took 319,224 examinations. In 
that year, 2,125 colleges participated. In the sciences alone, in 1985-1986, 
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25,931 students wrote examinations in biology, 15,191 in chemistry, 5,124 in 
physics, 3,730 in physics (mechanics), and 2,280 in physics (electricity and 
magnetism) (statistics from the Advanced Placement Program of the Col- 
lege Board, 1985-1986). 

Honors Programs, OflF-Canipus 

Among the increasing number of activities in off-campus honors programs 
are 

• The Junior Science and Humanities Symposium. Part' pation in the 
Symposium is competitive. The program allows the presentation of research 
; ^rs by students who have developed an interest in a particular topic and 
who have done considerable study and research about it. Students read 
papers before those in attendance — mainly other students, but also teachers, 
college professors, and representatives from business and industry. If winners 
of the some 40 Symposia held around the nation become national winners, 
they may then go abroad to attend other science activities such as the Youth 
International Science Fortnight held in London. 

• The Department of Energy Honors Program. This program is highly 
competitive. It offers students the opportunity to spend several weeks during 
the summer working with prominent scientists at outstanding science labora- 
tories. Currently, only ix students from each state are selected* — by meth- 
ods that vary from state to state— to attend. In 1988, six activities were 
offered as a part of this program: 

1. The High School Supercomputing Honors Program— Lawrence 
Livermore National Laboratory 

2. The High School Honors Research Program— Brookhaven National 
Laboratory 

3. The High School Life Sciences Honors Program— Lawrence Berkeley 
Laboratory 

4. The High School Honors Program in Particle Physics— Fermi National 
Accelerator Laboratory 

5. The High School Honors Program in Superconductivity — Argonne 
National Laboratory 

6. The High School Environmental Science Program— Oak Ridge Na- 
tional Laboratory 

• The National Youth Science Camp. This summer program, in operation 
for more than 20 years, accepts two outstanding students from each state for 
its camp in West Virginia. At the camp, among other experiences, students 



*This number has been rising annually. 
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hear prcscnUtions by scientists, engineers, and reprcsenUtives of the state 
and federal governments. 

• The Wminghousc Science Talent Search. Participation in this well-known 
program is quite competitive. About 1,400 students engage in research and 
prepare a report of their findings for judging. At the finals in Washington, 
D. C, 10 winners are selected from 40 finalists, who were themselves se- 
lected from the 300 students who received honorable mentions. 

* The International Science and Engineering Fair. This program serves 
students who participate in state or regional science fairs affiliated with the 
International Science and Engineering Fair. Students conduct research, pre- 
pare demonstrations, and write papers on topics of their own choice. Among 
the some 500 awards given at this event is an all-expenses-paid trip for two to 
the Nobel Prize ceremonies in Sweden. 



Independent Study, Mentors, and Internships 

Individual work opportunities offer the possibility for greater one-on-one 
relationships between the student and the adviser, mentor, or teacher than 
those available in most other school situations. Many schools offrr indepen- 
dent research projects within their programs. Others, such as the Bronx High 
School of Scien:e, make research un intrinj>ic part of their curriculum. 

A number of businesses, industries, and government agencies offer stu- 
dents the opportunity to experience an activity of interest to them through 
part-time employment during the academic year or over the summer 
months. The Executive High School Internships of America places young- 
sters from a number of states with various businesses, agencies, or interested 
professionals. These experiences allow the students to learn about various 
fields and give them guidance in the determination of their career aspira- 
tions. 

Opportunities to work with mentors are available to many students. Often 
a faculty member from a nearby college, a scientist or enf ' leer from a local 
industry, or a physician will assist a student involved in » esearch project of 
mutual concern. 



Special Sites or Schools 

Interest is growing in using special sites or opening special schools for gifted 
and talented youngsters. Entrance into these schools is often competitive and 
can involve student self-identification. A few of the many programs designed 
to foster science and mathematics education under way across the United 
States are described below. 

• The Iowa Summer Science Training Program— The University of Iowa. 
For 28 years this program has provided students with the opportunity to 
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engage in many different areas of scientific research. Students art involved 
in independent research work with mentors and write reports. 

• Operation S.M.A.R.T. (Science, Mathematics, and Relevant Technology). 
This project, operated by the Girls Clubs of America, holds its programs in 
girls' clubs, in museums, and at various other sites across the country. The 
purpose of Operation S.M.A.R.T. is to provide experiences that will encour- 
age girls to develop their interests in science and mathematics. 
MuscumLink, a part of this program, is a collaborative effort with the Boston 
Museum of Science, the Association of Science-Technology, and the Ameri- 
can Association for the Advancement of Science to develop a model that 
connects conununity-bascd organizations with the expertise and resources of 
science centers. The program has been piloted in Springfield, PittsfJd, 
Greenfield, Holyokc, and Lynn, Massachusetts, and in Schenectady and 
Syracuse, New York, and is now available nationwide. 

• National High School Institute— Northwestern University, Evanston, 
Illinois. For more than 56 years, this program has provided summer opportu- 
nities for high-ability high school students. It offers many subject fields, 
including engineering science. 

• Project Occanology has its site on the coast of Long Island Sound at Avery 
Point in Groton, Connecticut. It provides marine programs for students in 
several states in the Northeast. Many students engage in research projects 
related to environmental issues in their own or nearby communities. Some of 
these students have become so expert in these fielcb that they have been 
called upon by towns to assist in the study of environmental concerns. 

• Special high schools-4ocal, regional, and sUte-run. Some * rcas with large 
populations of students who are particularly able academically offer opportu- 
nities for such students to attend schools with programs designed to meet 
their needs. New York City, for example, provides students with the option of 
attending the Bronx High School of Science or Stuyvesant High School. In 
some sUtes, year-round or part-time resident institutions (like those in opera- 
tion in Georgia, Illinois, Louisiana, North Carolina,* and Pennsylvania, and 
those surting up in California, Mississippi, New York, South Carolina, and 
Texas) serve a purpose similar to that pursued by specialized local high 
schools. However, these residential public schools — devoted by no means 
entirely to science anH -nathematics but also offering fine programs in many 
fields— draw their applicants from across their particular state. 

• The Talcott Mountain Academy for Science and Mathematics in Avon, 
Connecticut, is a school for students in grades five through eight. In addition 
to the regular academic program, students have the opportunity to work with 



*For more information on residential high schools, particularly the one in North 
Carolina, see the paper by Charles R. Eilbcr and Stephen J. Warshaw in this 
volume. 
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specialisu in various fields of science who are members of the staff of the 
Academy. These individuals, and the outstanding facilities at the site, make 
this a rich experience for self-nominated youngsters. 



Programs Using New Technologies 

The invention of the microchip and the applications that have resulted from 
its use make this innovation an important aspect of schooling and education 
for ail students, including those who incline to science. This basic technology, 
combined with others such as those in the communication field, is making 
opportunities available that have not existed in the past. Students from 
sparsely populated areas, which lack the diversity of programs and practices 
available in large school districts, can vastly broaden their experience 
through the offerings available via computers. Further, many science experi- 
ences that these technologies permit are already increasing the number and 
types of topics of interest available to self-identified science students. 



Distance Learning 

Schooling over long distances is not particularly new — radio and television 
have provided course work for many years. Many will remember televised 
early morning college courses. What is new is interactive or two-way commu- 
nication, often through television but also by c .nputers over telephone lines. 
Small, rural schools sometimes have difficulties in offering students the 
educational opportunities available at larger urban institutions (Hagon, 
1986). Distance learning projects can help bridge such gaps by providing 
instruction to students in schools that do not have courses or teachers for 
particular subjects. This is accomplished by providing — ^transmitting over 
television — ^the work of a teacher from one school to students at a receiving 
school or schools and allowing the students to talk with the teacher through 
various electronic devices. 

There are variations on this theme. One distance-learning project, 
"Project Circuit,** initiated in Wisconsin over cable television, was developed 
largely to overcome geographic barriers interfering with the television sig- 
nals carrying educational programming. The Talcott Mountain Science Cen- 
ter in Avon, Connecticut, has a program titled "Shoulders of Giants.** 
Through it, the presentations of eminent scientists are beamed via satellite 
all over the vuuAtry. Schools that have access to a "dish'* can receive the 
program. Students watching can also talk via telephone to the scientists 
during their presentations and thus get answers to the questions that may 
occur during the "chiss.** 

This model is in use elsewhere. Texas has an extensive system through 
which "students in the network watch lessons on the special monitors and use 
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cordless phoacs to ask questions of their teachers and one another" (Brown, 
198S, p. 31). Many other states are exploring and installing interactive TV 
systems. In some instances teleconferencing techniques are used. By using 
both TV cameras and receivers in each classroom, this technology allows a 
simulation of face-to-face contact. 



Wider Computer Use 

Computers have a number of uses for youngsters motivated to learn in many 
topic areas that would not otherwise be readily available to them. Tutorials 
and simulations for a host of science topics have become available over the 
past few years. Many are designed to assist in problem-solving and critical- 
thinking approaches. Others use the computer to allow youngsters to access 
large data bases via telephone. Many data sources are already available, 
providing significant amounts of information tied to particular research 
needs. 

A more recent development, and indeed a most promising one, is the 
microcomputer-based science laboratory. Janice Mokros (1987) believes that 
this approach to science investigation can have an effect on teaching method- 
ology as well as the types of activities undertaken. Essentially, the computer 
does the sometimes tedious task of collecting data during the laboratory 
experience. Sensors or probes such as thermistors, photocells, and micro- 
phones measure many of the phenomena met in the laboratory. The informa- 
tion from these probes, when presented in tabular or graphic form by the 
computer, can assist the student to understand and analyze the phenomenon 
under study. 

Temperature, voltage, speed, time, force, sound, and light intensity are but 
a few of the variables for which programs for use in laboratoiy activities are 
already available. Linked to the computer, these probes form an instrument 
which detects, measures, and then displays or records the measurement. 
Time formerly spent in collecting, reducing, and recording data can now go 
into analyzing the results of the investigation, understanding the underlying 
concepts, and changing the parameters to address ""what if?** situations 
(Abeles, 1985). Still in its infancy, the microcomputer-based science labora- 
tory holds considerable promise for all students, as well as for those who, 
through self-identification, embark upon activities that lie beyond the typical 
classroom program. 




Schooling's Responsibilities 

Whether through state, federal, or local encouragement, or through the 
favorable circumstances occasioned by mentorships, special sites, or the new 
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technologies, or by the many activities initiated or supported by businesses 
and industries concerned about the viability of their present and future work 
forces, the opportunities for students who have identified themselves as 
competent and motivated are there in greater number than in the recent 
past. However, the findings of the 1971 Marland Report mentioned at the 
outset of this paper should not go unheeded. 

Only a small percentage of gifted and talented youth, including those able 
self-identified students who show an interest in science, are receiving oppor- 
tunities appropriate to their abilities. Therefore, it continues to be incumbent 
upon those in the profession dedicated to the transmission, survival, and 
improvement of our culture to strive to fulfill the aspirations of all these able 
youngsters. 
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North Carolina School of 
Science and Mathematics: 
The Special Environment 
Within a Statewide Science 
High School 
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Soon after assuming office in 1977, Governor James B. Hunt, Jr., of North 
Carolina established the North Carolina School of Science and Mathematics 
(NCSSM), a public residential high school for academically talented 11th 
and 12th graders. Governor Hunt acted for two main reasons. One was to 
provide the resources necessary to improve science and mathematics educa- 
tion for academically talented high school students. The second was to 
provide sources of new teaching methods, curriculum materials, and teacher 
training.* 

The school has given the r ion a model for excellence in science and 
mathematics education. As . ^gins iis eighth year of operation, two other 
states are operating similar schools, and a number of other states are plan- 
ning them. The Louisiana School of Science, Mathematics, and the Arts 
opened in 1983; the Illinois Mathematics and Science Academy, in 1986; 




^Portions of this paper first appeared in Charles R. Eilber (1987, June), Phi 
Delta Kappan. 65(10), 773-777. 
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and the Governor's School for Science and Mathematics (South Carolina), 
the Mississippi School for Math and Science, and the University of North 
Texas Academy of Math and Science, all in 1988. Other states, among them 
Marylrnd, New York, and Oklahoma, arc in various stages of discussing the 
possibility of such a school or are actively planning one. 

The NCSSM was established on the grounds of a 27-acre, l5-building 
former hospital in Durham, North Carolina. The school opened with its first 
class of 150 juniors in 1980. Since then, enrollment has grown steadily, 
reaching 475 juniors and seniors in 1987-1988 from 87 of North Carolina's 
100 counties, from 123 of its 140 school districts, from 209 high schools 
altogether. 

The students do not pay tuition, room, or board, so parents' economic 
circumstances arc not a factor in the admissions process. Students come 
from a diversity of socioeconomic backgrounds. Sixteen percent arc black, 
Native American, or Hispanic; 8 percent arc Asian; 53 percent are male and 
47 percent arc female. Admission to the school results from a multifaceted 
selection process. We develop a portfolio for each prospective student, in- 
cluding the verbal and mathematics scores on the Scholastic Aptitude Tests 
Uken during the 10th grade; a nonverbal test of critical thinking; the stu- 
dent's grade, in mathematics and science from the 9th grade and the first 
semester of the 10th grade; a checklist, prepared by a teacher or counselor, 
which rates the student on characteristics attributed to academically tal- 
ented students; an essay written by the student under controlled circum- 
stances; letters of recommendation from teachers; and a statement from the 
student explaining his or her reasons for seeking admission to the school. We 
expect indications of strong interest in science a.id mathematics to show up 
in many ways on the applications of the students admitted. 

From the usual 800 applicants, we select 400 for an interview on campus. 
The results of that interview are incorporated into the other data, and the 
Admissions Selection Committee then chooses the final enrollees for the 
coming year The school follows some general demographic guidelines that 
recognize the diversity of educational opportunities throughout the state, but 
it seeks to enroll only qualified applicants. 

Curriculum 

Although the name of the school might suggest otherwise, the instructional 
program includes more than science and mathematics. While we emphasize 
those subjects, the School of Science and Mathematics is a comprehensive 
college-preparatory high school with a great diversity of course offerings. 
The school offers 20 courses in mathematics and computer science, 16 in 
biology, 8 in chemistry, and 8 in physics. Students must select at least one 
course from each of the three main science areas. English, with an emphasis 
on writing, is required in both years. So is a foreign language— students can 
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choose French, Spanish, German, Russian, or Latin. We also require Ameri- 
can history; and other classes in social sciences, though elective, are well 
attended. The school provides a variety of electives, including activities in 
music, the visual arts, and a number of interdisciplinary courses. 

Most courses are taught at an advanced level and explore content with a 
conceptual thrust that is usually found in college courses for freshmen and 
sophomores. For those among the student body who desire Advanced Place- 
ment (AP), we offer some courses that include material covered in AF 
syllabuses. Some students do take the AP tests. But the exemption of 
NCSSM students from college course requirements fs not a primary empha- 
sis of our school. 

In addition, there are students with strong interests in fields that cross 
traditional disciplinary lines. Biophysics, bioethics, and human sexuality are 
interdisciplinary, team-taught courses for such students. The various depart- 
ments detennine the level of the courses in response to the goals of the school 
and the needs of this special nopulation of students. 

Virtually all NCSSM students plan to attend college; beyond that, how- 
ever, they have a wide range of goals. Many of them will use their knowledge 
of science as writers, voters, or government officials, rather than as bench 
scientists, engineers, or science teachers. 

in order to ensure that all students are knowledgeable in biology, chemis- 
try, and physics, the school offers first- and second-year survey courses in 
each. It requires students to take a one-yeai course or demonstrate compe- 
tence to graduate by passirig an exemption exam in each discipline. On the 
other hand, students with more specialized interests and those who just can't 
get enough science have a variety of upper-level courses from which to 
choose. In biology, these courses include genetics, cell biology, embryology, 
ecology, taxonomy, anatomy, and behavioral science. In chemistry, students 
can take classes in chemical instrumentation, organic chemistry, environ- 
mental chemistry, and polymer chemistry. In physics, we offer astrophysics, 
modem physics, and electronics. 

Research 

For students who want to find out what it is like to do scientific research, the 
school provides research courses in biology and chemistry, as well as re- 
search mentorships at nearby universities and laboratories. NCSSM*s re- 
search courses are good examples of the kind of educational opportunities 
that may only be practical in ''magnet** or other special schools. Students 
who have already developed an interest in research through science fairs and 
the efforts of their previous teachers can pursue that interest here in a 
program designed to create, albeit on a smaller scale, the sort of experience 
they might encounter in graduate school or in a scientific laboratory. Other 
less experienced students, at a stage in their education before they must 




203 




Gifted Young in Science: Potential Through Performance 

chowc a college or a major, have the opportunity to try research for the first 
time. Overall, about 15 percent of our students take either the biology or the 
chemistry research course. 

Through the generosity of the area universities and corporate donors, the 
school's research resources include a modem recombinant DNA laboratory, 
magnetic resonance imaging, gas chromatography, and extensive computing 
facilities. Clusters of networked personal computers are available around the 
campus, as arc terminals for a new superminicomputer. These and other 
facilities are available to students in rionrescarch courses as well, for a 
variety of uses including word processing, drilling, data analysis, and Simula- 
tion. 

In addition to the research courses on campus, NCSSM students have 
access to year-long mentorships with researchers and other professionals in 
the Research Triangle area (Durham-Raleigh-Chapel Hill). Approximately 
one-third of our students, usually as seniors, work with mentors. Our student 
have worked on such diverse projects as the development of ion<xchange 
material to be used at home by dialysis patients, analysis of photo., ^tric and 
spectroscopic data concerning the j^axy's oldest stara, characterization of a 
computer **windowing" system, and computer modeling of processes in a 
chemical plant Some students have received sunmier positions in their 
mcnton' laboratories, while other mentors have helped students to their first 
scientific publication or taken their charges to national meetings. The high 
level of participation testifies that this program is very popular with the 
students. In essence, the program provides opportunity for individual or 
group research. 

Special Projects Week provides another opportunity for students to pursue 
original investigations. Each spring, we suspend classes for a week. During 
this time, students study a subject or participate in some educationally 
valuable activity that is not required in any of their regulariy scheduled 
<X)urses. A few are attracted to artisUc endeavors, while others pursue scien- 
tific investigations. In recent years, the latter have been a diverse array— the 
mechanics of bubble formation, the construction of a sampling boat for a 
limnology class, and the development of a chemical magic show, for exam- 
ple. The proximity of many research facilities to the campus makes field 
trips an important component of the NCSSM science program, and Special 
Projects Week offers the chance for more extensive trips than those regularly 
scheduled. Sometimes these visits amount to minimentorships in such fields 
as electron microscopy and biomedical imaging. 

Choices 

Within the constraints of budget and faculty workload, the science depart- 
ment strives to meet the diverse academic needs of a unique student body. 
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We sustain diversity of NCSSM*s ofTerings in science and other subjects 
through continuing innovation by the faculty and staff. Because the schooFs 
teaching and other resources are finite, however, we must balance our push 
to create innovative new programs with an evaluation procedure that deter- 
mines effectiveness and relevance to the overall goals of the school. Through 
thU evaluation process, we revise or eliminate less successful and less valu- 
able programs from the curriculum. 

Students enter NCSSM with a broad range of preparation in science. 
Most arrive having had a life science course, but those courses vary widely 
depending upon the reso'Tces available to their home schools. Those stu- 
dents for whom testing :.hows a deficient background meet the biology 
requirement by taking a self-paced survey course. Those who arrive better 
prepared in biology can choose among the topical courses (e.g., behavior, 
embryology, research, or a course more oriented to the AP examination). 
The biology curriculum is a popular one, because it offers students a wide 
range of options and lets teachers teach some specialized courses that allow 
in-depth covera|$e. 

On the othi : hand, most students enroll without a prior high school course 
in either chemistry or physics. Only 10-15 percent of the entering class has 
studied chemistry; only a handful of students, pnysics. In each discipline, we 
offer two introductory survey courses, one oi which calls for mathematical 
rigor; this focus is necessary because students arrive with an even wider 
variety of preparations in mathematics than they do in science;. We also 
provide second-year survey courses in chemistry and physics, advising stu- 
dents intending to take AP exams to enroll in these courses. Of course, as 
with biology, students with sufficient background in chemistry and physics 
can take advantage of more specialized upper-level electives, such as organic 
chemistry or astrophysics. 



Nonacademic Learning 

At any residential school some of the most important learning takes place 
outside of the classroom. Away from home, probably for the first time, 
students need to adapt to a community thr.t is at once more structured and 
restrictive than that in most homes and yet encourages more independent 
decision making. Students learn how to manage time, what new friendships 
to initiate and develop, ho'v to accommodate the needs of a roommate and 
the expectations of a dormitory community, and how to assume responsibil- 
ity for sonic ui ^he ordinary tasks of daily life that their parents may have 
previously done. 

Many aspects of the nonacademic program contribute to the valuable 
leamin,^ that tPkes place in the NCSSM community. Students organize in 
groups >f «*v^ut 35, each with a resident advisor. These groups work together 
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in onentation at the beginning of the school year and in many social activi- 
ties, as well as assume the responsibility for cleaning all of the areas where 
they live, The resident adviser is both counselor and disciplinarian, offering 
advice and sympathy as well as enforcing quiet hours, curfews, and various 
other rules, 

In addition to cleaning his or her living quarters, each student does three 
hours per week of unpaid work or senice campuswide, and, dunng the 
suRuner, jimiors contribute 60 hours of ser/ice in their home conununities. 
NCSSM has an active student government, an intramural and an interscho- 
lastic athletic program, mar / clubs and organizations, a school newspaper 
and yearbook, and numerous recreational and cultural activities. 

Commitments: Pas»t and Future 

Almost every graduate goes on to a college or university, two-thirds of them 
attending one of North Carolina's outstanding postsecondary institution^. 
The one>third going out of state are widely distributed among some of the 
most selective colleges and universities, including the military academies. 
Many begin with advanced course standing and credit awarded by various 
means of evaluation, 'I\vo cli^sses have moved through four years of under- 
graduate study and are now in graduate school or have taken job>. Eariy 
indicat'ons are that 80 percent of these graduates work in fields related to 
scienc * mathematics. 

The commitment of the school to sharing its resources with other schools 
throughout North Carolina) is serious. We hold workshops every summer for 
secondary schoolteachers in science, mathematics, computer science, and 
the use of libraries and instructional media. More than 4,500 teachers in- 
volved in these workshops, either on the campus or in various locations 
around the state, have returned to their home classrooms with up-to^late 
software, fresh laboratory experiments, and new ideas. And, of course, 
through their visits to the school, the teachers gain a new understanding of 
the role of science in society to share with their students. 

In 1984, NCSSM came under the governance of the University of North 
Carolina as an ''Afiiliate School of the University of North Carolina," One 
immediate result of this action was that summer programs for high school 
students were established on six different campuses of the university system. 
These progiams, taught by teams of university faculty members and local 
high school teachers, are administered and coordinated at NCSSM, Each 
summer, more th^ii 700 North Carolina 1 1th- and 12th-grade students take 
part in 5 weeks of a research- and laboratory-oriented experience. Their 
parents pay only for transportation. 

To steal a phrase from one of our summer teacher-training workshops, 
''Science is a Verb" at NCSSM. Students and teachers teach and learn 

O 
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science through a wide range of activities and through formal and informal 
interaction among faculty, students, and mentors. Because NCSSM is resi- 
dential, scicncing goes on many hours of the day and many days of the week. 

Although only a very few public schools can provide the advantages of a 
residential wt^mpus for their students, we encourage administrators and 
teachers of science everywhere to look for resources of time, expertise, and 
even donations of equipment and f unds beyond the usual constraints of the 
school day, the school building, and the school budget. We know this is not 
an easy task, but the satisfaction that comes from seeing the expanded 
learning that results makes the effort entirely worthwhile. 



207 



A Program for 
Stimulating Creativity 
in a Citywide High School: 
The Bronx High School of 
Science 



In the 1987 Wcstinghousc Science Talent Search, out of 300 semifinalists 
nationwide, 27 were seniors from the Bronx High School of Science. This 
was not a random occurrence. Bronx Science students have consistently 
made a strong showing in this prestigious competition since its inception 46 
years ago. In fact, the Bronx High School of Science leads the nation in the 
total number of finalists and semifinalists produced — with 106 finalists over 
the years, almost twice as many as its nearest ^ ompetitor. (For further 
discussion of the Search as a means of fostering science talent, please see 
"Science: In an Ecology of Achievement" and "Apprenticeship to Well- 
Ordered Empiricism" elsewhere in this volume.) 

Like composers of symphonies or authors of poems, these young people 
have demonstrated their creativity by their work. The definition of creative 
gifts has, like a living thing, changed with time. Lx)uis M. Terman and his 
associates (Cox, 1926) defined giftedness as "the top 1 percent in general 
intellectual ability, as measured by the Stanford-Binet Intelligence Scale or 
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a comparable instrument." Virtually since that momrnt, the use of so-called 
IQ tests has caused considerable controversy. M?ny of Terman's contempo- 
raries challenged the ability of any single test to assess something as complex 
and subjv^tivc as "intelligence" and objected that such tests rewarded arbi- 
trary correct answers, leaving no room for unexpected responses, however 
creative and promising. Indeed, lerman himself shortly recognized the limi- 
Utions of IQ (Gouku ! 98 1 ). A quarter of a century after Terman's original 
wort Paul A. Witty ( ! 958) took a different approach, stating that "there are 
children whose outstanding potentialities in art, in writing, or in social leader- 
ship can be recognized largely by their performance" (p. 62). 

A Brief Histoiy of Bronx Science 

It is largely this latter spirit that has served as a philosophical point of 
departure for the Broax High School of Science. Celebrating its 50th anni- 
versary in 1988, the school was conceived by Morris Meister, its first princi- 
pal. Meister hoped that intelligent, creative youngsters, stimulated by one 
another and by a carefully planned educational program, would come to love 
learning and would uke imaginative leadership roles when they became 
adults. VA^or further information, consult Taffel, 1987, and Kopelman, 1988). 

Changes in society have, over the last half-century, been reflected in 
changes within the school. Women were admitted in 1946 to what was 
initially an all male institution; a move to a new, custom-tailored building 
occurred in 1959; and the nature of the student body has altered to reflect 
the changing background of New Yorkers. Basic goals and philosophies have 
remained the same, however: Bronx Science strives to produce capable, 
creative leaders of the intellectual community. How can we achieve these 
aims? If we accept as a corollary that scientists do in fact demonstrate ta^nt 
through research, then it follows that gifted youngsters who are potentially 
creative in the sciences can have that potential developed significantly by 
working in a planned educational program. 

Bronx Science Objectives 

The main objectives of tViS program as it has grown at Bronx Science are the 
identification of gifted, / tivated students in science and the development 
of these students to th< . * v ^e'**, they can carry through original, creative, 
independent pi ce*- o. nsti,.U', Toward *his end, a three-year sequence of 
courses has been dr : >: hr approaches and strategies employed em- 
phasize providing "h ^ ' -^p^rier^ce with a variety of scientific equip- 
ment and techniques . < . ^iing si\\dents to the inquiry approach used in 
science, and stinmla^jiir tMein to handle problems in a rational, scientific 
way. 
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The students benefit from this program, not only by developing their 
ability to solve complex scientific problems but also by taking a positive 
attitude toward handling many other kinds of difficulties. Furthermore, it 
has been our experience that college, and even graduate and medical school 
acceptances increase when students can provide concrete evidence of having 
done independent work. Achieving such goals must involve in synergistic 
interaction the students, the staff, and the educational program itself. 



Ways of Selecting 

The Bronx High School of Science is a specialized high school for gifted 
youngsters. Students living within the five boroughs of New York City are 
eligible to take an entrance examination, passage of which is the sole crite- 
rion for admission. The exam consists of verbal and mathematics portions. 
The verbal part includes objective questions on vocabulary, sentence comple- 
tion, and reading comprehension. The mathematics segment tests math- 
ematical concepts, computation, and problem solving. 

There is much evidence, however, to support the assertion that pretesting 
is not required to implement the program. Any comprehensive high school 
can use it by allowing one segment to act as a screen for the subsequent part. 
To investigate this theory, in September, 1976, the biology department 
applied for, and was granted, model program status by the Office of the 
Gifted and Talented (then a part of the LJ.S. Office of Education).* The 
purpose of this grant was to allow the biology department, over a three-year 
period, to disseminate nationwide its "Model Program for Developing Crf 
ativity in Science" so that schools could replicate and/or adapt its program. 
The department prepared sample materials describing the general approach 
and orientation, as well as some of the more specific aspects of day-to-day 
activities and model lessons. An 1 1-page brochure was sent out to the over 
1 ,000 school districts that expressed interest. Some educators availed them- 
selves of on-site visitation opportunities to observe the program in action. 

Since the time that the biology program was designated as a model, its 
philosophy and technique has spread to other departments in the school, 
including physical science, mathematics, and social studies. This happened 
because the philosophy underpinning a carefully planned program, whose 
goal is to get students to produce a piece of independent research, has 
universal application. Original projects appeal to parents who want their 
children to be able to work through problems, interact with people, take the 
initiative, and see a task through to completion. In addition, the English 
department has added a course in the writing of a research paper. This 



•This office no longer exists in the reorganized U.S. Department of Education. 
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means that youngstcn can develop creative ulents in any one of several 
fields. On the basic level, the student is exposed to classes and lab activities 
that stimulate questioning, analysis, and problem solving. Tnis orientation 
can then serve as the springboard to individual research in the area of the 
student's choice. 



Independent Thought ard Research 

What specific program can direct students toward thinking and working 
individually? A program that prepares students to carry out independent 
research should at the same time significantly increase their level of creative 
productivity While learning to do research, students are also learning to 

• set up hypotheses 

• design an original experiment 

• develop laboratory techniques 

• evaluate data 

• cooperate with other students 

• develop confidence in their ability to work independently 

In the ninth year, the entering youngster selects either biology, chemistry, 
or physics. A student starting with biology takes a course whose core content 
is mandated by, but goes significantly beyond, the New York State Regents' 
syllabus. All three courses of study call for motlv^iion of the students and 
movement toward higher-level thinking skills. For example, lessons about 
"cell division" are a legendary part of basic biology courses. Describing what 
happens when one cell forms two is not seen, however, as the end point of the 
intellectual process that the course seeks to develop. Students are encour- 
aged to question why it is that a cell is stimulated to begin the process of 
division. Is there any stimulus that can relate the division of an amoeba to the 
division of, for example, the skin cell in a higher organism? Why do cells 
divide at all? By asking questiais of this sort, the student is taken beyond the 
basic curriculum, both in content anu in process. 

The Socratic method of teaching is used, with emphasis on recognizing 
problems and offering hypotheses. Because each course meets for 10 periods 
per week (5 "double" periods), many open^nded laboratory experiments can 
be performed. For example, students might be asked to devise a procedure to 
determine the difference between organic and inorganic catalysts. "Ongo- 
ing" experiments are also used. For example, a series of experiments with 
slime mold led students, after a group of simple preliminary investigations, to 
go on to design and carry out their own original experiments with this 
organism. Pre- and postlab discussicms altow students to plan their lab time 
properly and to analyze and critique their results. Both classroom and labora- 
tory activities arc designed to teach students to identify a problem, offer a 
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hypothesis, plan an experimental design, do data analysis, test hypotheses, 
and come to an appropriate conclusion. 

Their work is done within a basic Piagetian framework of guiding students 
from the concrete or recall level to the higher or formal/operational level. 
More simply put, the teacher tries to ask fewer and fewer "what" questions 
and more and more "whys." Assignments do not merely review the material 
of the day. Homework, which stresses the recognition and analysis of prob- 
lems, is given after a concept is developed in class. This procedure discour- 
ages clinging to disjointed facts and allows students to focus on the processes 
of science. 

From the incoming pool of students, several classes of honors science are 
formed. Students Lre selected for honors classes based on entrance examina- 
tion scores and expressed interest in being a part of the program. The 
approach in the honors classes includes all of the techniques described and 
then goes a step further. Less time is spent on class discussion per se, and 
students are given more lab experiences of an open-ended, ongoing nature. In 
addition, content is enriched in scope, and more opportunity is provided to 
learn the process of scientific thinking by reading research articles. Students 
are also given guidance in how to read a body of related articles and then 
formulate a research question suggested by the literature. These classes are 
also sch6i!uled for 10 periods per week. 

In the 10th year, those students who took biology then select chemistry or 
physics as their ''basic science." The orientation in the physical science 
department continues to develop and refine problem-solving and creative- 
thinking skills. 

Students V/ith a Bent for Science 

Selected students are then recommended for a biology research class in their 
junior year. Whai criteria are used in the selection process? Our experience 
has indicated that students who are creatively gifted in science have the 
following characteristics. They are 

• strongly and sincerely motivated toward learning and achieving in science 

• able to work well independently in the laboratory, the library, and the 
classroom 

• curious, seeking explanations 

• very much interested in getting answers to questions suggested by their 
work and by tL>;if teachers 

• askers of many questions 

• stimulated by problem-solving approaches to learning 

• good at identifying significant problems in a mass of information 

• readily able to induce, deduce, and make connections between related 
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• often able to see different approaches or come up with "offbeat*' ideas 

• full of creativity and achievement, which extend to many other areas 

• able to relate well to their peers and to their elders 

• often able to establish long-term goals 

This year, about 100 stuUcnts are enrolled in the llth-grade biology 
research class. Of these, 40 do their research within our building in a 
specially equipped projects room. Students are individually guided by a 
teacher or a team of teachers as to the advisability and practicality of their 
research proposals. The remaining 60 students have been helped to secure 
positions in local hospital and university laboratories under the direct tute- 
lage of faculty mentors, who maintain close communication with a member 
of the Bronx Science biology department. This process affords the students 
the benefit of close contact and work with professionals in the field. It has 
been our experience that most research scientists are very willing to help 
young people solve science problems. 

These professionals are often pleased and surprised by the knowledge, 
interest, and ability shown by the youngsters. For example, one student in 
introductory honors biology began to explore the literature about a particu- 
lar snail and became fascinated with its neurobiology. In her junior year, she 
became a research assistant at The American Museum of Natural History 
and extended her interest to the lab. Now, six years later, she is still working 
with the same senior scientist, her career orientation clearly established. 
Another youngster did his research at home, virtually **under the bed** — that 
is, without sophisticated equipment or lab space — but with much determina- 
tion to see a project through to completion. This kind of dedication can lead 
to a lifetime goal. 

Students in the research phase of the program do extensive library work to 
learn how to read scientific papers and how to abstract relevant information. 
They learn how to use Biological Abstracts, Index Medicus, and various 
specialized journals. Procedural details for each project are discussed with 
each student individually. Periodic progress reports are expected, and a full 
written report is required at the end of the year 



Helping Students Grow 

Bronx Science provides reinforcement and rewards in many ways. A depart- 
mental student publication, the Journal of Biology, publishes many individ- 
ual research papers. Students are encouraged to enter local and national 
contests, where they are often among the prizewinners, although, in a very 
real sense, all who see a problem through to completion are winners. It must 
be stressed, however, that winning awards is the **by-product**: The true 
prize is something all participating youngsters will have for life — a questbn- 
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ing, creative approach to learning. Not every child enters or wins contests, 
but all who pass through our program, we hope, are enriched. 

What qualities would be desirable in teachers involved in implementing 
such a program? Our experience shows that they should be 

• open, flexible individuals capable of stimulating higher-level thought and 
questioning 

• tolerant of diverse approaches to solving a given problem 

• capable of critiquing student research papers 

• experienced in teaching gifted students 

• strong in subject matter 

• philosophically committed to the inquiry method of teaching/learning and 
to the value of student research 

• capable of identifying and motivating underachievers who might benefit 
from the research program 

These observations strongly coincide with a study by Jack A. Chambers 
(1973), in which science professionals were asked to identify the characteris- 
tics in their teachers that the scientists felt had stimulated their creativity. 
The traits most often selected were that the teachers were well-prepared for 
class, taught in an informal manner, and accepted disagreement. Their 
students "viewed the facilitating teachers as more often personally interested 
in teaching and in their students and as having a high level of commitment to 
their field. The studei.^s' image of these teachers was of a hard-driving, 
dynamic individual who was very intellectually demanding of students" 



Students and stafT have been overwhelmingly enthusiastic in their reac- 
tions to the program. It is not uncommon to see two students standing in the 
hallway arguing about such questions as the relative merits of different 
techniques for culturing protozoa or for objectively measuring mating behav- 
ior in fruit flies. Teachers freely share information and approaches to subject 
matter with one another. Our department offices and laboratories have 
become a place where students and staff* can work together as colleagues. 
Not every Bronx Science graduate goes on to a career in science or math- 
ematics. Over the years, this figure has stayed at about the 60- to 65-pcrcent 
mark. Many students have stated that our program has helped direct their 
lives, not only in terms of subject matter, but also, more significantly, in 
fostering enthusiasm for, and a creative approach toward, the entire learning 
experience. 

The almost legendary mural above the main entrance to the Bronx High 
School of Science has woven among its tiles a quotation from John Dewey— 
"Each great advance in scienc: comes from a new audacity of the imagina- 
tion." Dewey's statement exemplifies the spirit of our program to develop 
our students' creative potential. Imaginative programs, coupled with tal- 
ented students, take t .e learning process that giant step forward where 
v^n«sters become not only consumers but also the producers of knowledge. 



(p. 330). 
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Problems in the Development 
of Programs and Science 
Curriculums for Students 
Gifted/Talented in Areas 
Other Than Science' 

Irving S. Sato 

For several decades, the need for differentiated education for gifted /tal- 
ented students^ has been documented in numerous sources. Milton J. Gold 
(1965/1982) stated in Education of the Intellectually Gifted, 

Education of the gifted . . . must be seen in iu proper perspective as simply an 
extension of the doc'irine of individual differences . . . The theme of self-realiza- 
tion epitomizes education in a democracy because of the value placed on the 
individual human being. To the extent that school programs are truly adapted to 
individual differences, they contribute to the self-realization of each student, 
(pp. 1-2) 

Other sources echoing this need through the years include S. R larland, 
Jr.'s, Report to the Congress (1971) and James J. Gallagher's surveys of 



♦The author gratefully acknowledges the editors for their verification of ex- 
tended sections of this paper. 

*Thc term gifted/talented student, as used in this paper, refers to students who 
excel consistently, or show the potential to do so, academically, creatively, kin- 
esthetically, and/or psychosocially. 
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U.S. education for the gifted/talented (1983), research that summarizes the 
results of national surveys conducted about a decade apart. 

Subscribing to this need for educational changes for the gifted/talented, 
this paper presents some key considerations for developing science curricu- 
lums for students whose special interests and/or abilities lie in areas other 
than science. Within this group are students who generally elect a laboratory 
course in high school science to satisfy requirements for graduation; the 
course is usually high school biology. These gifted students include those 
who incline to the social sciences, humanities, and the arts. Their destina- 
tions, in terms of careers (lifeworks) may be law, history, sociology, or 
psychology; sometimes they choose teaching in schools or universities; some- 
times they turn to business. Others enter careers in writing, journalism, 
music, painting, dance, and the varieties of graphic and theatrical fields. 
Those inclined to mathematics, often erroneously considered to be a subset 
of science, may turn to physics, computer science, or engineering. 

In any event, the students with whom this paper is concerned are in the 
target group of the 3 to 5 percent with exceptional talents and interests, so 
estimated in Marland*s Report to Congress (1971). This gifted group in- 
cludes some with interests in science and mathematics. To be sure, there are 
some gifted/talented students so extraordinary that they excel consistently 
in all academic areas and in some nonacademic ones as well. Eventually, as 
these poljrmaths select areas for concentration, some will incline to the 
sciences. 

Before examining what would be considered appropriate science curricu- 
lums for students gifted/talented in areas other than science, one should 
study the conditions essential for the development of schooling and educa- 
tion of the gifted/talented in general. The most vital conditions for ensuring 
substantive programs for the gifted are (a) effective administrative arrange- 
ments, (b) necessary curricular and instructional changes, and (c) planned 
staff* development. 



Administrative Arrangements in 

the Education of the Gifted/Talented 

Certain administrative arrangements are necessary to guarantee three basic 
types of experiences in educational settings for the gifted/talented. These 
students need opportunities, on a regular basis, some of the time, to interact 
with one another, to mix with students of varying abilities, and to work 
independently. 

Different writers classify many program alternatives for gifted/ talented 
students in various ways. However, these program options fall basically into 
three categories when classified in temis of their primary mode of delivery: 
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enrichoient, acceleration, and special groupings. Enrichment extends learn- 
ing environments in such ways as to offer substantive opportunity for inquiry 
and discovery. Acceleration involves grade skipping and/or speeding up 
coverage of subject matter (beyond what would be done in ordinary situa- 
tions). Special grouping could include cluster grouping (placing some 
gifted/talented pupils into settings with students of varying abilities), special 
classes (scheduling only gifted/talented stu.lents into a special section), and 
iniepcndent study, which, for science, often includes research and the solu- 
tion of unknowns. All alternatives in programs available arc administrative 
arrangements fw organizational purposes and do not guarantee in them- 
selves significant or substantive experiences for gifted/talented students. 
Certain curricular and instructional changes must take place in these 
settings to ensure vital learning experiences. 



Curricular and Instructional Changes 
in the Education of the Gifted/ Talented 

Curriculum can be viewed generically as being composed of (M-ganized sets 
of purposeful experiences in education: These not only include schooling, but 
also the learning environments and experiences at home and in the commu- 
nity that help students become all that their potentials allow them to be. 
Addressing himself specifically to the construct of curriculum in the school, 
Ralph W. Tyler pointed out (1949) four basic questions that must be faced in 
developing any curriculum and plan of instruction. They arc 

1. What educational purposes should the school seek to attain? 

2. What educational experiences can be provided that arc likely to attain 
these purposes? 

3. How can these experiences be effectively organized? 

4. How can we determine whether these purposes are being attained? 

In other words, an effective curriculum has clearly stated goals and objec- 
tives for the learner, learning expediences organized to attain these purposes 
with continuity and sequence, and evaluation to assess the extent to which 
the aims have been realized. 

What should a curriculum for the gifted/talented be? What features 
would distinguish this curriculum from that for students of other abilities? 
To serve the gifted/talented most effectively, curriculums must be appropri- 
ately differentiated, articulated from kindergarten through grade 12, se- 
quential in content to be assimilated and in skills to be acquired, substantive 
in subject matter, and linked in a recognizable construct to the regular 
curriculum. 

219 - f r 



Gifted Young in Science: Potential Through Performance 



What constitutes appropriate differentiation for the gifted/talented? Dif- 
ferentiation is a construct of our educational responses to the charactcnstics 
of such students. Some general traits that often make gifted/talented stu- 
dents different from their age peers have been delineated by Ruth A. 
Martinson (1974). Because many of the educational needs that result from 
these unique characteristics are inadequately addressed by general educa- 
tion, the need for a specialized kind of education for the gifted/talented has 
arisen. But differentiation does not exclude interaction with other students; 
indeed, it often means the opportunity to interact freely to enrich one's 
learning. 

Because gifted/talented persons are usually advanced, sophisticated, and 
mature, appropriate ways educators respond to these characteristics would 
involve ;he gifted/ talented in experiences with content (subject matter) and 
processes (strategies for learning), which are complex, intricate, and chal- 
lenging. The giftsd/talented are then more likely to create outcomes and 
results that reflect their successful assimilation of these intended contents 
and processes; the products of the gifted/talented are also likely to be 
advanced, sophisticated, and mature. When translated into desired outcomes 
in terms of differentiated program goals for the gifted/talen' , what would 
these necessary educational adjustments be? How would tuey differ from 
goals in general or regular education? 

Goals for Programs for the Gifted/Talented 

The key questiori school districts must address is "What are the essential 
knowledges, attitudes, and skills that gifted/ talented students should ac- 
quire through schooling and education?** In the nineteenth century, Herbert 
Spencer (1854/1966) first raised a similar question: "What knowledge is of 
most worth?** Recognizing that teachers h^ve too many demands made upon 
them and that expectations must, therefore, be realistic in light of available 
time and 'purees, school systems must concentrate on the absolutely essen- 
tial ei«^aicnts of education and recognize that teachers may not have the time 
and/or the resources for the important-but-noi-required or the **nice-to-do.** 
In response to the question posed by Spencer, program goals for the 
gifted/talented must address six area« where the regular curriculum is 
inadequate and which are absolutely essential for the gifted/talented. Al- 
though listed here separately, a district can readily combine two or more 
areas when generating its goals. The areas are 

1. self-concept and affective needs related to pupils* giftedness (what it 
means to be gifted, ways to deal productively with giftedness, etc.) 

2. interrelationships not only with the gifted but also with children and 
adults of varying abilities and society as a whole (e.g., finding personai 
satisfaction in sharing one*s gif^ with others) 
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3, courage and skills to become self-directed, happy, and productive 
gifted/talented individuals 

4, advanced thinki^ig skills (related especially to critical and creative 
thinking) 

5, creative production (shifting from emphasis on regurgitation to greater 
utilization of the known as a springboard to generate exciting personal 
breakthroughs) 

6, intricate, complex, abstract generalizations and diverse produce devel- 
opment to increase comfort and versatility in self-expression 

Several school districts ni ionwide follow th'" goal in construct and em- 
phasis in their programs for the gifted/talented, For example, the Amarillo 
(Texas) Independent School District's goals are so structured: There, gifted/ 
talented students 

• develop healthy self-concepts relative to their giftedness and interact ef- 
fectively with other gifted students, peers, and society 

• use in-depth contents to employ advanced critical and creative thinking 
skills and generate complex and intricate products appropriate to their gift- 
edness 

• acquire the necessary advanced thinking and self-directed learning skills 
to become independent creative producers 

Actually, these goals are the bases underlying alt curriculur ^ for the 
gifted/talented in a school system, Indeed, these goals should underlie every- 
thing the gifted experience in schooling and education, in and out of school 
and in interaction with all whom they meet in the normal course of events. 
Therefore, all objectives for all courses, units, lessens, indeed, all of schooling 
should emanate from and reflect sp' >fic ways by which these goals could be 
carried out at various grade levels in the different disciplines. 

To assure that these goals are addressed through the curriculums for the 
gifted/talented, school districts select from research and literature some 
guidelines for the teachers and support stafT Arho will be working with these 
students, In other words, local districts now determine which principles to 
follow to eiTect diiTerentiation and, at the same time, to relate directly to how 
their staff" will keep the specific goals denned for these students from contra- 
vening the superordinate goals of sc* ; in an open society. The Na- 
tional/Sute Leadership Training Institute on the Gifted and Talented 
Curriculum Council has developed one set of principles of differentiated 
curriculums, (Sec figure I below from Sandra N, Kaplan's [1979] manual, 
where she discusses these principles extensively,) Philip H, Phenix's Realms 
of Meaning (1964/1986) also ofTers some principles *hat can be readily 
adapted for the gifted/talented. 
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Figure 1 

Principles of a Differentiated Curriculum 
for the Gifted/Talented^ 

• Present omtent that is related to broad-based issues, themes, or problems. 

• Integrate multiple disciplines into the area of study. 

• Present comprehensive, related, and mutually reinforcing experiences 
within an area of study. 

• Allov/ for the in^iepth learning of a self-selected topic within the ar f 
study. 

• Develop independent or self-directed study skills. 

• Develop productive, complex, abstract, and/or higher-level thinking skills. 

• Focus on open-ended tasks. 

• Dcvetop research skills and methods. 

• Integrate basic skills and higher-level thinking skills into the curriculum. 

• Encourage the development of products that challenge existing ideas and 
produce '^new** ideas. 

• Encourage the development of products that use new techniques, materi- 
als, and forms. 

• Encourage the development of self-understanding, i.e., recognizing and 
using one's abilities, becoming self-directed, appreciating likenesses and 
differences between oneself and others. 

• Evaluate student outcomes by using appropriate and specific criteria 
through self-appraisal, criterion references, and/or standardized instru- 
ments. 



For optimal function of any program for the gifted/talented, the identified 
students must have appropriate educational settings with appropriate curric> 
ulums, instructional practices, and teaching materials. However, the staff of 
the school program designed for these students must receive training in order 
to work with these students effectively. Administrators, supervisors (i.e., 
building principals and subject area chairs), and classroom teachers must 
understand the special educational needs of these students, provide the 
suitable educational climate for them, and know how to modify and/or adapt 
curriculum and/or instruction suitably. 



^Developed by the National/State Leadership Training Institute on the Gifted 
and Talented Curriculum Council (James J. Gallagher, Sandra N. Kaplan. A. 
Harry Passow, xph S. Renzulli, Irving S. Sato, Dorothy Sisk, Janice Wickiess). 
From Sandra N. Kaplan ( 1 979), Inservice Training Manual: Activities for Devel- 
oping Curriculum for the Gifted/Talented (p. 5). Los Angeles: National/State 
Leadership Training Institute on the Gifted and Talented. Reprinted by permis- 
sion. 
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Staff Development in the Education 
of the Gifted/Talented 

Depending upon the assessed needs of the staff in a particular school system, 
the major purpose(s) of the training might be (a) to heighten aw^ ^ -ess, 

(b) to motivate staff members to change attitudes and adapt alternate values 
on what must be taught and how it might be taught most effectively, and/or 

(c) to build upon what staff members are already doing successfully in 
teaching and guidance. 

In the sciences, because the rate of scientific and technological growth and 
change is phenomenal, continuing staff development becomes critical. Man- 
datory, too, are changes in curriculums that bring to the fore recent findings 
and methodologies. In a sense, then, teachers and supervisors of science must 
undergo continuous retraining and must plan (and execute) continuous 
curriculum revisions. 

Many times, cooperation between school districts and various community 
agencies results in interesting inservicc linkages. For instance, in the summer 
of 1987, the Los Angeles Unified School District worked with the University 
of Southern California lo offer "Advancing Science with Advanced Place- 
ment" (ASAP), an intensive, federally funded program made up of a two- 
week summer workshop with monthly follow-up meetings during the school 
year. For many years, the Los Angeles Department of Water and Power has 
provided the city's schools with grade-level science-oriented materials, work- 
shops, demonstrations, speakers, and exhibits on water, energy, conservation, 
and & Tety. 

Even if the ideal setting is present in terms of program prototype(s) and 
substantive curriculums, very Httie of significance happens without a staff 
with appropriate attitudes and necessary skills in teaching the gifted/ tal- 
ented. Staff development for those who work with the gifted/talented, then, 
might be viewed as organized sets of experiences that change educators so 
that they relate rTectively to gifted/talented students. 



The Gifted/Talented in Science 
and in Other Areas 

What is the distinction between students who are gifted/talented in science 
and those whose skills lie in areas other than science? Many times both 
cat'jgories of students are in the upper levels of academic achievement. In 
order to serve the two groups we must first locate their members. Martinson 
(1974), Joseph A. Platow (1984), and Gallagher (1985) describe various 
ways to find gifted/talented students with and without special science apti- 
tudes as well as indicate the advantages and disadvantages of the methods 
used. 
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PftuI E Brandwein (19SS/1981), in attempting to resolve problems in the 
identification of the gifted, developed a program in science in which self- 
selection or self-identification was the guiding principle. In essence, the 
three-year program of science (biology, chemistry, physics) offered an alter- 
native to students in their sophomore year at Forest Hills High School (New 
York City): Students with an interest or career plans in science could enter — 
without regard to IQ or prior achievement — a program offering opportunity 
for advanced work in science and lot research on originative science prob- 
lems. Approximately 10 percent of the student body taking science (some 
200 students on the average) elected the program. (Not all continued 
through the tliree years or persevered through the research required — 
approximately 15-20 percent turned to other areas. In the 10 years of the 
program where assessment was possible, the school placed approximately the 
same number of finalists in the Westinghouse Science Talent Search as did 
two select schools of science (Brandwein, p. 47, and in this volume). 

Thus, Brandwein does not accept a distinction between the gifted/talented 
in science and the gifted/talented in other areas. He presents the thesis that 
all students should be given equal access to a program in a school without 
prior testing, stressing that **it is by their work we come to know them" 
(Preface, 1981 edition, p. xi). Brandwein continues. 

It seems to us that ai present it is not necessary for a teacher to depend on tests 
which seek to identify students with high-level ability in science in the early 
grades. If qualified teachers were to furnish sufficient opportunities in science to 
alt students, those with high-level ability would come forth and identify them- 
selves, (p. 24) 

The concept of selection through performance is also advocated by Joseph 
S. RenzuUi, Sally M. Reis, and Linda H. Smith (1981), who recommend a 
"revolving door policy" so that gifted students may have a choice in their 
work. Michael A. Wallach (1985) makes the essential point that giftedness 
in an area may be **field-specific" — that is, work in a specific field tends to 
bring forth the trait of giftedness; predictive tests are uneventful. 

For these reasons, among others, it is important to seek clues to the 
identification of the gifted/ talented through their work. Naturally, this work 
is offered mainly or even only in well-contrived, appropriate curriculum and 
instruction. Therefore, the search {oc provisions for the gifted/talented in 
science or in other areas should take place th.^)ugh opportunities for the 
kinds of experiences described in the foregoing pages — particularly those in 
figure 1 (page 222). 

The curriculum, especially as expressed in course work and instructional 
practices, that most schools offer students gifted/talented in science should 
be different from that pru /ided for students with special skills in other areas. 
• Those gifted/talented in areas other than science generally follow elemen- 
tary school course work in science (assuming some exposure there) with 
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middle school general science, which is often a sequence of three ycare 
(frequently lasting two to three periods a week) in life, earth and space, and 
physical science. In most instances, those gifted in ♦he performing and 
kinesthetic arts end their course work in biology, as do other gifted/talented 
college-bound aiming at careers other than science. Both groups use biology 
to "satisfy" their laboratory science requirement if only one such course is a 
prerequisite for graduation or for college entrance. 

• Those science gifted/talented who may choose science as a career gener- 
ally go on to take chemistry and physics. In small high schools, the latter 
courses may be provided in alternate years. Small schools may not make 
special provisions for the gifted/talented in science; the available arrange- 
ments for gifted/talented individuals are generally in the form of pullout 
project work. 

• A number of schools, particularly those in or near college and univereity 
towns or government or corporate laboratories, offer opportunity for origina- 
tive work. (Sec elsewhere in this volume, particularly A. Harry Passow's 
"School-University, Laboratory, and Museum Cooperation in Identifying 
and Nurturing Potential Scientists.") 

• In most circumstances, the gifted ^t-icnted in science may identify a talent 
in science through their activity in a f d-specific area (i.e., biology, chemis- 
try, geology, or physics). In addition to required course work, they may select 
themselves through the Science Talent Search, conducted in a good number 
of high schools throughout the nation, by submitting reports of individual 
investigations together with certain records and recommendations by teach- 
ers. Or students may enter State Science Talent Searches now offered by a 
majority of states. (See Brandwein's papers in this volume.) Or the gifted/ 
talented in science who have selected a high school science major may 
identify themselves as having talent in science through their work in a 
college or university (Humphreys, 1985). 

Although the changes in science curriculum examined in this paper make 
provisions for opportunities in science instruction in the first three categories 
indicated above, the practice common in the United States is still typically 
the last. However, the evidence appears to indicate that a rich program in 
science, one that makes provisions not only for courses but also for individual 
projects and originative work, often stimulates students to choose a lifework 
in science and engineering. This paper notes that new provisions in curricu- 
lums are in the offing: These may provide a kind of science more fulfilling for 
those who do not incline to careers in science than that generally available. 

Curriciilar and Instructional Changes in Science 

Phenix in Realms of Meaning (1964/1986) firmly states that the ultimate 
goal of any course of study should be to fulfill meanings in life for children. 
He elaborates: 
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... an imdefstanding of the fundamcRial patterns of meaning enables the educa- 
tor to make a successful attack on t^ie various sources of frustration \i learning, 
such as fragmentation, surfeit, and transience of knowledge, by showing what 
kinds of knowledge are required for full understanding and how the essential 
elements may be distinguished fro<n the unessential ones in the selection of 
instructional materials. In this fashion the curriculum may become a means for 
the realization of the distinctively human potentialities, (p. 49) 

Phenix then proceeds to organize the niajor disciplines and other impor- 
tant areas of living into six categories, or ^'realms,'' with which educators 
must deal directly if they are to help students fathom the significant mean- 
ings (tf life and living. The physical sciences, life sciences, and social sciences 
(where empirical studies arc required) arc in the realm he labels ''empirics**; 
this realm concerns itself . . . with material truth expressed in the general 
laws and theories of the actual world as studied in the natural and social 
sciences" (p. 26, italics mine). Thus, the science educator who is searching 
for ways to work more effectively with the gifted/ talented student in areas 
other than science wouM ask a variation of the question posed earlier What 
essential knowledge, attitudes, and skills characteristic of the sciences 
should nonscience gifted/talented students assimilate into their lives before 
they graduate? 



Goals in Science Curriculum and Instruction 

In answer to the question above, certain areas in science must be successfully 
addressed between kindergarten and grade 12 for students gifted/talented in 
areas other than science. The College Entrance Examination board in Aca- 
demic Preparation in Science (1986) has suggested a framework of aca- 
demic outcomes for students: 

1 . Gather ng Scientific Information: The skills to gather scientific information 
through laboratory, field, and library work 

2. Apprcaching Scientific Questions Experimentally: (The possession of] suf- 
ficient familiarity with laboratory and field work to ask appropriate scientific 
questions and to recognize what is involved in experimental approaches to the 
solutions of such questions 

3. Organizing and Communicating Results: The ability to organize and com- 
municate the results obuined by observation and experimenUtion add (the abil- 
ity] to interpret dau presented in tabular and graphic form 

4. Drawing Conclusions: The ability to draw conclusions or make inferences 
from data, observation, and experimentation, and to apply mathematical relation- 
ships to scientific problems 

5. Recognizing the Role oj Observation and Experimentation in Theories: The 
ability to recognize the role of observation and experimentation in the develop- 
ment of scientific theories 



226 



Programs 



6. fUnderstandingJ FutJamental Concepts: {The ability to] understand in some 
depth the unifying concepts of the life and physical sciences (from pp. 20-23)* 

Relating these suggested student outcomes in science to the suggesteo 
program goal areas for the gifted/Ulented discussed earlier (figure 1, page 
222), science educators can arrive at appropriate science goals. For example, 
the following science goal incorporates items 3. through 6. of the goal areas for 
the generally gifted/talented listed on pages 220-221, while simultaneously 
dealing with the first four outcomes for the science-gifted listed above. The 
College Board suggested (1986) that students gifted/talented in areas other 
than science investigate through experimentation self-selected scientific ques- 
tions; gather essential information through related laboratory, field, and library 
work; and communicate in an original manner the results drawn through 
appropriate inferences and conclusions. 

Guidelines for Science Educators 

To Differentiate Curriculum and Instruction 

for the Gifted/Talented in Areas 

Other Than Science 

By exanriining the criteria the Biological Sciences Curriculum Study sUff has 
followed since 1958 to plan, conduct, and implernrnt new projects, science 
educators can use the insights of a respected science curriculum group as 
guidelines fw their own efforts in this area. The implications are also useful for 
scienpes other than biology. Joseph Mclnemey ( 1 986/1 987), quoting Arnold 
B. Grobman's earlier framework, asks 

Criterion I: How well docs the information in question illustrate the basic, enduring 
principles of biology? 

Criterion 2: Do tr^ichers and administrators perceive t he proposed material as useful 
and important? 

Criterion 3:^\i2X isthe relationship between the proposcdcurriculum materials ind 
the prevailing context of general education? 

The essential thrust of the question — Criterion 3 — concerns itself with the 
phrase -the prevailing context of general education" in relation to that for the 
gifted/talented. Tothose unfamiliar with thecontexts that prevailed in critical 
curricular development prior to 1983, it might seem as if the curricular 
contexts now in use are new. This criterion cannot be fully understood unless 



•Reprinted with permission from Academic preparation in science: Teaching 
for transition from high school to college, © 1 986 V y College Entrance Examina- 
tion Board, New York. 
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current curriculum developers recognize that their predecessors facing similar 
problems and solutions in similar contexts had, in the past, mounted concen- 
trated and wide-ranging efforts affecting curriculum and instruction in science 
and mathematics. 

In briefest review, this "crisis" in curriculum and instruction '>as a general 
one affecting schooling in all areas for all students. The crisis did not arise with 
the marvel of Sputnik; it was most liicely a response to concentrated attacks on 
schooling by the postsecondary education community, especially as defined by 
Arthur Bestor (1955). Indeed, committees of concerned educators and scien- 
tists had been meeting to consider curricular anJ instructional changes in 
science and mathematics since the early 1900s. Nonetheless, Bestor was a 
central figure in a group of critics who pressed for the return of '"standards" — 
meaning generaUy what is covered by college preparatory curriculum. Essen- 
tially, this group called for the education of an elite. But the Soviet Sputnik 
made the point as no book* argument, or supplication could. When it circled the 
globe in 1957, it accelerated both action and reaction already under way. But 
why do we need to wait for a serious ''crisis" nationally or internationally to 
improve teaching in any area, particularly in science? We don't; there was no 
failure of learned groups to call into question policy and practice (curriculum 
and instruction) in science teaching over the decades. 

In 1958, shortly after it was organized, the Biological Sciences Curricu- 
lum Study (BSCS) invited Paul deHart Hurd to undertake a historical— and 
critical — study of secondary school curriculums in biology. His study took him 
into the wider field of science curriculum. An attempt here to sununarize 
Hurd's remarkable compilation of studies and the analysis and synthesis he 
brings to bear on them would have to fail. In his study, the point and 
counterpoint of numerous probes of reputable scholars are sequenced in the five 
decades between 1900and 1950, endingwith'TheCrisis in Science Education 
and a Reappraisal, 1950-1960." While Hurd emphasizes trends in biological 
education, he reports significant recommendations and trends in science 
ed*^cation generallv. 

One is taken by the fecundity of the contnbutions of students of curriculum 
about which Hurd*s study reports, as well as by the contrasting, sometimes 
contradictory, views of teaching and learning in the area of science these 
thinkers off er. Their recommendations are stated with confidence, and we may 
be sure all the commissions Hurd summarizes wished to advance the causes of 
learners, teachers, and schools. But, while the science espoused was based on 
scientific methodologies that were by their very nature evidential, one may 
note, at the same time, that not all the studies of curriculum and instruction 
offered similar assurances of validity. 

Nonetheless, Hurd*s study isof central importance in understanding the role 
of social events in the formative years of science curriculum and instruction. 
Within the compass of this discussion, to avoid reinventing the wheel, we must 
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content ourselves with a brief analysis of the curricular thrusts and parries. We 
begin with the seminal work of the early 1950s before placing it into the larger 
course of events: As the powerful redirection of science curriculum and 
instruction at midcentury extended to the 1 960s; then, innovation gave way to 
the languishing times of the I970sand 1980s; now, there appears to be an eflfort 
at rejuvenation. 

For example, one of the early studies was organized in 1952, when Harvard 
University President James B. Conant, aware of the coming crisis in science 
education, called upon a national group of 50 outstanding science teachers and 
25 science supervisors to discuss the grave state of affairs. Conant, steeped in 
the philosophy of scienceand hirnself a brilliant chemist, had wide access to the 
body of scientific study. Indeed, he served as an early adviser to the Office of 
Scientific Research and Development in the 1940s and 1950s. In the discus- 
sions he conducted with the teachers assembled in 1952 and 1953, he empha- 
sized that the cumulative body of science consisted of a series of conceptual 
schemes based upon preliminary observation and experiment (inquiry), lead- 
ing to further observation and experiment, leading to newer conceptual 

schemes. With this position,heexpressed not only hisown thinking butalso that 
of prominent theorists in science and science education (Conant, 1 947). As we 
shall see, this conceptual approach became the core of a construct for science 
curriculum and instruction: The conceptual approach remains the heart of 
inodern rcience curriculum as inquiry does of modern science instruction. 

The consensus, reached by the teachers during two weeks of contemplation 
and discussion of newer curricular and instructional strategies, was as follows: 

1. The cufriculums in general science, biology, chemistry, and physics were 
based rigidly in the textbook, and the method of instruction in class was based in the 
lecture. 

2. Sessions in the laboratory were based upon exercises to "verify conclusions 

alreadystotcdinthetextbook."Exccptinafewhighschools,thcrewaslittleifanyin- 
dependent study. 

3. Very few (most said "no") opportunities were given *'or independent study as 
well as opportunity for individual research by gifted students (particularly those 
inclined to a career in science). In short, there was little MempiAidifferentiationof 
opportunities for the students in science. The vast majority of the exceptions 
constituted those schools stimulated to enter the ''^iencc Talent Search. 

4. Teachers who were adequately trained in science were in serious demand; 
they were, however, generally unavailable. 

5 . The curriculum in science was based upon fragmented topics. There seemed 
to be no coherent philosophical or curricular base (summarized by Watson, 
Brandwein, and Rosen, 1 953). 

Th ^onant group thus described the nature of the situation, defining the needs 
of science instruction in 19S3. 

Conant had planned to pursue his investig ttion Into reform in science, but 
other events intervened. In 1953, hewasappointuiUS. high commissioner for 
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West Germany; then, ambassador. When he returned in 19S7, the committees 
devoted to science reform had begun their work; thus, he took on the important 
role of analyzing general education, turning his attention to the reform of 
American schooling. Especially in such works as The American High School 
Today (1959), he established a structure for comprehensive high schools 
organized to serve the diverse needs, interests, and abilities of the young. 



The Organization of New Curriculums — 
Refonn Groups in Science 

In 1952-1953, the federal government had not yet been stimulated by the 
Soviet hardware, which was to go into orbit in some five years. Nonetheless, 
reacting to the obvious need for change in curriculum and instruction inscicnce 
and mathematics, the conmiunity of scientists began to i ntervene in st udies that 
eventually had considerable impact on teaching in science. 

Major committees and commissions, including federal and state groups, 
began to organize. Some prominent ones included the following: In 19S2, 
Jerrold Zaccharias of the Massachusetts Institute of Technology convened 
informally the Physical Science Study Committee (PSSC); after its reorga- 
nization (1955-1957), the School Mathematics Study Group (SMSG) was 
formed. Next came the Chemical Bond Project (1958-1959); the Biological 
Science Study Committee (BSSC) (1 958- 1 959) ; and the Chemical Education 
Materials Study (CHEMS) (1959- i960). Between 1958 and 1961 , Congress 
passed the National Defense Education Act, providing some $95,000,000 to 
$100,000,000 in the early 1960s (this would be about $376,000,000 lu 
$395,000,000 in 1988) for science education, as weil as explicit acknowledg- 
ment of the relation of education to national defense. The initial funds for 
organization were supplied b> the National Science Foundation, by the Ford 
and Sloan Foundations, and by a number of industrial corporations. But when 
Sputnik orbited, a torrent of additional funds flowed from the federal govern- 
ment and the private sector as well.* 

In the succeeding years, 1960-1965, a remarkable series of unusual text- 
books, laboratory, research and project guides, and laboratory materials 



*Some estimate that the funds available for curriculum and instructional develop- 
ment over the 8-10 years of activity by all groups during the 1 950s and early 1960$ 
were in the range of $80,000,000 to $100,000,000 (in 1988 dollars, about 
$316,000,000 to $395,000,000), possibly more. These funds also subsidized numer- 
ous institutes given over to the reeducation of teachers. On this subject, see Grobman 
( The Changing Classroom, 1 969), an exceedingly important account that is highly 
applicable today. In that work, Grobman, who was director of BSCS, gives a dfttailed 
account of the preparation of curricula r and instructional materials in biological 
science that could furnish a paradigm for curricular development in all the sciences. 
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specially designed for new approaches in inquiry (i.e., observation and expcri- 
mentation)were developed forstudentsatallpresecondary levels. Newkindsof 
Alms '^nd filmstripsto accompany the textbooks were also produced as well as 
materials (pantiphlets, specially designed laboratory equipment,and guides for 
using all equipment). Further, the various groups developing these new, 
imagijiative curricular and instructicial materials also cciiducted intensive, 
wide-ranfdng, short- and long-term residential institutes for teachers nation- 
ally. Many of these meetings were held as a full summer program as well as 
during the year. Teachers were able not only to gain familiarity with the 
curriculums and the instructional materials but also to practice using the 
variety of instructional approaches they had met. 

The BSCS approached the task by developing three programs accompa- 
nied by new kinds of texts, laboratory materials, teaching guides, and instruc- 
tional materials for the classroom: the first, a ""general approach** to the 
concepts of biology; the second, a ""molecular approach,** which emphasized 
contemporary researches in molecular biology; the third, an ecological treat- 
ment. The curriculum materials, developed mostly for high school students by 
PSSC, CHEM S, BSCS, and SMSG, as well as by groups preparing materials 
in earth science and astronomy, were not designed especially for gifted/ 
talented young but were aimed at the schooling and education of all stu- 
dents.* So too were the three curriculums intended largely for the elementary 
school — Elementary Science Study (ESS), the Science Curriculum Improve- 
ment Study (SCIS), and Science, A Process Approach (SAPA), the latter 
contribution from the American Association for the Advancement of Science. 

It is also well to emphasize thatre^rch projectsand research problems were 
available even in the late 1950s and early 1960s for gifted science students. 
There was thu« a clear application of what is now known as ""differentiated 
education** for both the science-gifted ai; well as the gifted in areas other than 
science. For example, BSCS had a special committee that prepared materials 
specifically for the gifted (Grobman, 1969). 

Much could be written about the curricular innovations, but suffice it to say 
that their footholds were these: 

• A conceptual approach to curriculum 

• An inquiry approach to instruction (with laboratory activity based in 
innovative investigations) 

• A differentiated approach in investigation for group laboratory work and 
individual probes (research) on problems selected by the students themselves 



*SMSG works in both elementary and high schools. In the opinion of many science 
educators and scientists, all these materials could, with revision and updating of 
content for free dilTerentiation by schools and school districts, be useful for 
heterogeneous student populations now. 
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These curriculium were designed primarily to orga nize content on a concep- 
tual basis, using the disciplines of science as overall structures to increase 
interest of all students by emphasizing inquiry in the processes of scientific 
study. The curriculums did not emphasize social issues arising out of then- 
existing technology. On this, see also Hurd (1961 ). 



Diverging Curricular EflForts 

During the 1970s, mindful of the preceding de-emphasis on the social and 
cultural consequences of science, the BSCS produced relevant materials on 
population, natural resources, and drugs. The Educational Development 
Corporation, unde r the 1 eadership of Zaccharias (see above), prepared curricu- 
lums linking science and social studies. The Educational Development Cor- 
poration also produced curriculums and films attending to the special needs 
and interests ofminority groups in science and mathematics. In 1970, the first 
edition of Harvard Project Physics (by Gerald Holton , Fletcher Watson, and F. 
James Rutherford) was published. It developed p. new program in physics that, 
with the help of experimental films and other accompanying materials, 
emphasized the cultural implications of the field. 

In addition, the National Education Association and National Science 
Teachers Association proposed in 1959 in their project on academically 
talented students the following guidelines for curriculum development in 
science: 

• The content should be developed in the light of contemporary scientific thinking 
and theorizing. As often as possible, pupils should glimpse the frontiers of scientific 
investigation 

• Content areas should be developed in depth. To this end, a few well<hosen areas 
should be studied 

• The overall science program for the talented should be planned carefully toassure 
continuity of the program from elementary school through college 

• Science content should be developed in such a way that pupils have many 
opportunities to work with science materials, equipment, and apparatus 

• Ttie choice and devetopment of content areas should be planned to reveal the 
relationships among the sciences 

• The science program should be planned for the eariy and increasing application of 
mathematics to the precise formulation of scientific laws and principles 

• Theteachingofscicnceshouldbeconcentratedincrcasinglyonthedevelopmentof 
the concepts, principles, broad generalisations, and great issues of science rather 
than on the accumulation of unrelated facts 

• Full advantage should be taken of the science resources of the community for 
enriching and supplementing the science program for talented students 

• Science shoukl be taught in such a way as to reveal the influence of science in such 
other areas ofculture as politics, economics, world outlook, standard of living, and 
the influence of these areas in the development of science. Recognition of 
the social responsibility ofscience should be developed, [lulicsmine] (pp. 14-25) 
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In the ensuing decades, the science curriculums developed in 19S8-1962 
had considerable influence on publishers* preparation of textbooks a;id other 
instructional materials; in many cases, the materials produced by the various 
curricular study groups were revised over three editions. The chemistry 
curriculum was so organized that a second edition could be published with- 
out the supervision of CHEMS; PSSC and BSCS continued a certain 
collaboration with the publishers. However, in the 1970s the influence of 
these innovative programs began to decline. And in 1983, NSTA published 
its account of their waning. 



Recent Developments 

In a thumbnail sketch, the findings published in the NSTA yearbook (Brown 
and Butts, 1983) Science Teaching: A Profession Speaks conclude that **a 
wide variety of writings and reports, current projects, and research converges 
in a characterization of current science as plagued by 10 common, recurring 
problems" (p. 4 [Italics mine]): 

/. The textbook is the curriculum. 

2. Goals are narrowly defined. 

3. The lecture is the major form of instruction, with laboratories for verifica- 
tion. 

4. Success is evaluated in traditi^jnal ways. 

5. Science appears removed from the world outside the classroom. 

6. A shortage of science and mathematics teachers has led to the widespread 
use of unqualified and underqualified teachers. 

7. The outdated curriculum neglects the needs and interests of wo J students. 

8. Current science instruction ignores new information about how people learn 
science. 

9. Supplies, equipment, and other resource materials are severely limited or 
obsolete in most science classrooms and laboratories. 

10. Science content in the elementary schools is nearly nonexistent, (pp. 5-11, 
with supporting statements) 

The preceding brief history of the enormous effort and time, which took 
the energies of several hundred leading scientists, teachers, and leaders of 
the teaching conununity between 19S7 and 196S, as well as those educators 
who attempted revisions in curriculums during the 1970s, should be com- 
pared with the ten deliberate conclusions ofl'ered by the 1983 NSTA year- 
book. These conclusions come some 30 years after Conant called his group 
together and some 25 years after the incredible thrust of the reform movement 
in science schooling and education discussed in this paper (pages 227-233). 
Readers who have studied Hurd*sanalysis will notecertain familiar oscillations 
in the current recommendations for curricular reform with those of the past. 
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Below arc some features of the situation that may have led to the debacle 
of the curricular reform movements of 1955-1965. The 1983 NSTA year- 
book points to 

• Federal, state, and local responsibilities. In the U. S., delivery of prccollege 
education is clearly a state responsibility* . . . (And research] is an appropriate 
sphere of activity for federal agencies, (p. 13) 

• Federal initiatives. It is the National Science Foundation [NSF], however, that 
has the authorization to maintain the health of science and the science education 
which supplies scientists. As described in Public Law 507 ... : *The Foundation is 
authorized and directed to initiate and support . . . science education programs at 
all levels — " The existence of the present crisis and the variety of Congressional 
initiatives are clear evidence that NSFs policy-making body, the National Sci- 
ence Board, has been negligent over a long period of time (p. 14) 

• I^STA Initiatives. NSTA has been involved, in a variety of ways, in addressing 
the crisis in science education. The NSTA position statement "Science-Technol- 
ogy^iety: Science Education for the 1980s" (Appendix, pp. 1 09- 1 12) has 
received widespread accepunce. The officers and staff of NSTA are working with 
the media to inform the public ... We, [i.e., science educators] not others, are 
setting the agenda for science education in the 1980s and beyond, (p. 17) 

Moreover, this and subsequent yearbooks recommend two major reforms: 
First. NSTA called for a National Laboratory for Science Education (1983, 
pp. 101-108). Considering that a boom-and-bust cycle— both in education in 
science and in education for the giftcd/talented—docs indeed exist, NSTA 
proposed the following ameliorative responses: (a) A K-12 experimenUl 
school and (b) "think tanks" of scholars to study developments in science 
education. The school might serve as an "early warning system" to prevent 
deterioration of curriculum and instruction in science programs (for all 
students). The National Laboratory would also have arms for research, 
development, and communications. Second, the 1983 yearbook offered a 
position s\Aicmcni—Science'Technolog)hSociety: Science Education for the 
1980s— v/hich includes curricular and instructional positions (pp. 109-1 12). 
These positions have been further explicated in the 1 984 and 1 98S yearbooks. 

Since the publication of the 1983 yearbook, NSTA has begun its program 
of correction with three publications: Redesigning Science and Technology 
Education (Bybee, Carlson, and McCormack, 1984), Science Technology 
and Society (Bybee, 1 985), and Focus on Excellence: Science Teaching and 
Career Awareness (Penick, 1987). 

The yearbooks detail the kinds of necessary projects now being under- 
taken to achieve the goals that need to be met in renovating and reconstruct- 
ing science cuniculum and instruction for the 21st century. But those goals. 



"(Nonetheless, in the past 20 years, federal support has been reduced in the 
funding of teachers' salaries and in preservice and inservice education.) 
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which have yet to be fulfilled, invite considerable discussion and participa- 
tion. Suggestions fnmi these publications and others, as well as ideas coming 
out of various conferences, are just beginning to take eflect. Yet at this 
writing, the "^back-to basics** movement is still having a profound-— and 
adverse— effect on science. After all, this movement of the middle 1 970s and 
early 1 980s has been around for some time. Its view of schooling and education 
runs counter to that of programs melding the newer science with its impavt on 
interdependent technologies and their incredible, not fully comprehended, 
influence on social changes. Merely to use the title "Science, Technology, and 
Society** (STS) promises a new direction, but its offhand use as a rubric for the 
profound shift in policy suggested by thv philosophical, canicular, instruc- 
tional, and administrative changes true STS requires slights the gravity of 
parallel changes in schooling, education, and, concomitantly, society. 



Focus on Society 

Daniel Bell*s analysis in The Coming PosHndustrial Society: A Venture 
into Social Forecasting (1973) has implications relevant to those changes 
STS infers and implies for the (f: action of philosophical, curricular, instruc- 
tional, and administrative directions. BelFs v irk couid serve as a primer for 
developers of a^licy for schooling and t .acation in the coming decades. 
Thus, the NSTA statements of the 1980s may be considere'l in light of how 
the networks of science imp:rge on those of society: These stat^' its offer 
new conceptualizations of tne relationships between science and society 

Moreover, Bell*s philosophy, as reinterpreted in the yearbooks, helps to 
frame a new refponsibility in the education of science teachers: Not only do 
teachers need grounding in the science they will teach, but a\no they need to 
understand the particular technocratic society that will be affected by the 
sc nee they teach nnd by the students they prepare for life in it. Specific 
examples of concept and content may be taken from the 1984 and 1985 
NSTA yearbooks proposing curricular and instructional changes through 
STS. This writer runs the risk of inviting comparisons by emphasizing 
certain papers ps examples c he curricular and instructional changes that 
will be required but dcss so in the hope that workers in curriculum will 
examine the entire texts of these two yearbooks. Their references are also 
rich in pertinent material. 

Thus, please note Rodger W. Bybce*s "Global Problems and Science 
Education Policy** (1984, pp. 60-75)— particularly the ranking of problems 
in tables 1 and 2 (pp. 65-67). Scientists and engineers considered 12 societal 
problems related to science and technology as follows: population growth, 
war technology, world hunger, food resources, air quality, atmosphere, water 
resources, land use, energy shortages. Hazardous substances, human health 
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and disease, extinction of plant and animal species, mineral resources, and 
the problems posed by nuclear reactors. It is clear that examination of the 
impact of these problems would, in turn, pose problems not only for teaching 
in the var'^ties of communities in the United States but also for the develop- 
ers of curricular and instructional materials. So, too, would the issues raised 
in Part III of the 1984 yearbook "Redesigning the Essential Components of 
Science and Technology Education" (pp. 149-244), as well as Part IV "An 
Agenda for Action" (pp. 245-248). All these pieces offer concepts central to 
the curricular movement embodied in STS. 

In highly useful discussions for curricular constructs, authors writing in 
the 1985 yearbook emphasize 

a basic theme (Part I) 

rationale and goals (Part H) 

a new curriculum emphasis (Part III) 

new instructional strategies (Part 2V) 

managing change (Part V) 

In short, both the 1984 and 1985 yearbooks are basic to adopting current 
curricular reforms both f^: citizens who will become our experts in 
science and technology jid for the citizens who will apply those changes 
with insight and foresight— our change-agents in society. These books should 
also be useful as guides not only to those who are elected to make the laws 
but also to those who live by them. 

Indeed, projects in some 20 states (and more to come) center on curricu- 
lums generally titied STS or some variation upo'* Essentially, the sampler 
of curricular materials already developed are intended to prepare all stu- 
dents, both those gifted/talented in science and in other areas, to inquire 
into, probe, analyze, and synthesize the impact of science and technology on 
life and living and on society generally. 

One should note, however, that curricular efforts to address the "Science 
of Society" in other times did not prevail. For example, there is Jerome 
Bruner's Man: A Course of Study (1966, pp. 93-101). The course curricu- 
lum and instructional materials engendered considerable enthusiasm and, in 
some quarters, concern and active antagonism. Because social problems 
addressed through the methods of the psychologist, and intended for the 
elementary school, did not — ^for many parents and some school districts — 
seem appropriaic for children, the instructional program did not survive its 
first edition. Lawrence Sencsch's (1973) attempt to introduce the principles 
of economics (treated from the viewpoint of some social scientists) floun- 
dered in its later editions. The in>pact of science and technology on society is 
of considerable, if not critical, significance to the future course of our 
civilization. Is the prevailing curricular context .avoraoie today? 
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To help gifted/talented students in areas other than science, as well as the 
others who will also be responsible for the future of civilization, educators are 
required to modify the curricula in all disciplines, not only in science. This 
modificaticm must be accomplished systematically to ensure curriculums — 
including the sciences— which are appropriately difTerentiated, articulated 
kindergarten through grade 12, sequential in content to be assimilated and 
skills to be acquired, substantive in subject matter, and linked meaningfully 
to the regular curriculum. 

Even as this is written, F James Rutherford, of the American Association 
for the Advancement of Science, heads the ongoing Education for a Chang- 
ing Future (originally called Project 2061), (See "By Way of Beginning" in 
this volume.) The deliberations of this project's collaborating scientists and 
educators will surely have a further impact on the thrust in policy, philoso- 
phy, curriculum, instruction, and administration of schooling and education. 



Principles for Diflferentiating Science 
Curriculums for Students Gifted/Talented 
in Areas Otlier Than Science 

Some 30 years after the early intervention in 1952-1965, this writer has 
formulated some suggested guidelines for curriculum selection, develop- 
ment, and/or modification for gifted/talented students in areas other than 
science. For those young, science courses and units should 

1. be consistent with the district's program goals for gifted/ talented stu- 
dents 

2. be organized around themes, problems, or issues in interdisciplinary 
settings 

3. emphasize enduring generalizations, concepts, principles, and theories, 
instead of (xAy facts and statistics, to effect more lasting understanding of 
life meanings 

4. be basically open-ended and ofler gifted/talented students in areas 
other than science opportunities to probe intensively in detail into some self- 
selected science fields 

5. lead toward mathematical and scientific literacy by assisting the 
gifted/talented in areas other than science to become comfortable with the 
symbols and language of mathematics and science 

6. emphasize independent inquiry and research including problem find- 
ing, hypothesizing, problem solving, and data collection, analysis, and valida- 
tion 
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7. include ddiberate ways for the gifted/talcnted in areas other than 
science to develop and apjriy inductive and deductive thinking, dialectical 
reasoning, analogical thinking, decision making, and sclfevaluation skills 

8. encourage gifted/talcnied students in areas other than science to ex- 
tend knowledge and to experience personally novel insighis and other excit- 
ing sdentific breakthroughs 

9. create situations where the gifted/talcnted students in areas other than 
science can experience working as a scientist dors 

The foregoing, of course, is a composite set of guidelines. All appropriately 
differentiated science curriculums for students gifted/talcnted in areas otiicr 
than scieiKe will not satisfy all tiiese criteria all tiic time. Rati.cr, separate 
units wiK incorpwate different guidelines. If, however, a given unit is truly 
differentiated, it will certainly embody several of Uiese items simultaneously. 
Note that not only do these guidelines relate to the principles of differentia- 
tion (figure 1— page 222) and the science recommendations for the gifted/ 
talented above, but Uicy also respond lo the unique characteristics of gifted/ 
talented students. Ultimately, these guidelines become ways by which edu- 
cators can ensure tiiat Uicy are actively helping gifted/talcnted in areas 
oUicr tiian science attain tiic stated differentiated science goals of a school 
system. 

An Articulated, Diflferentiated Science 
Curriculum for the Gifted/Falented 
in Areas Other Than Science 

Desirably, a school district should develop an articulated science curriculum, 
kindergarten through grade 12, which, as a continuum of courses, guarantees 
tiiat Uie science curriculum guidelines in ihri preceding section are met. 
Improving or developing this type of curriculum takes a long-term commit- 
ment of at least five to seven years, because it involves training the writers 
and then composing, modifying, piloting, field-testing revising and then 
implementing the curriculums. Indeed, it may well be that by the time the 
curriculum is finished, th^ context and content of science (as catalyzed by 
the computer and the artifices oi the informat a^i) may have begun to 
change radically. This wiiter (1S87) hac described one way in which curricu- 
lum has been developed for vaiious disciplines (including science) for the 
gifted/talcnted through his piloted and ficld-tcited C ^ Model— Comprehen- 
sive Qirriculum Coordiration (figure 2, below). 

Obviously, while this articulated, differentiated curriculum is under devel- 
opment, the gifted/talcnted students in areas other than science cannot be 
expected to take scic^re courses without some appropriate changes. TWo 
ways by which some short-term changes might be effected would be (a) by 
training science teachers working wiUi gifted/talcnted in areas other than 
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science to modify curriculum and instruction, and (b) by selecting and using 
more suitable materials, some already published and some being devised in 
new computer-driven techniques. The latter also have a promise for adaption 
to the needs of individualized instruction. 

First, science teachers should learn to apply the science curriculum guide- 
lines (pages 237--238) above to alter their teaching objectives : -»d experi- 
ences to differentiate them fcr gifted/talented learners. The teachers should 
try to emphasize more open-ended inquiry, self-directed learning, and pri- 
mary and multisource approaches while dealing with the relatively stable 
concepts of the sciences. 

Next, schocri systems should select published materials or prepare spe- 
cially devised materials for the science courses for the gifted/talented in 
areata other than science* with specific criteria that parallel the science 
curriculum guidelines above. Most of the instructional materials developed 
by BSCS* PSSC, and CHCMS are stiU available for reference. So are the 
instructional materials of the reform curriuilums of the 1970s. In fact, most 
of the courses (amended by other publications and brought up-to-date by 
mimeographed material prepared by selected teachers) are still in use. 

However, it is lamentable that, as is customary in response to cultural 
crises, society often sweeps useful work aside. For example, many of the 
f Tcellent curricular materials prepared for the elemenury school during the 
1960s were unused even then; they are certainly ignored now. 

Shymansky, JCyle, and Alport looked at research studies reporting on the 
effects of the activity-oriented, inquiry-based elementary programs of Elementary 
School Science (ESS), Science Cu/riculum Improvement Study (SCIS), and 
Science— A Process Approach (SAPA) in the performance areas of student 
achievement, attitude, process skills, related skills, creativity, and Piagetian tasks. 
They state, 'X)ur quantiUtive synthesis of the research clearly shows that students 
in these programs achieved more, liked science more, and improved their skills 
more than did students in traditional, textbook-based classrooms."" ... But many 
teachers never used these projects even in their heyday, and even fewer are using 
them now. (p. 61, NSTA 1983 yearbook) 

Disuse is also the fate of many of the elementary science curricular and 
instructional muw^rials designed by groups of scientists and educators who 
collaborated in their development duri:?; that early period of reconstruction 
of science curriculums. And a number of publishers worked in tandem with 
the educators in the preparation of the imitructional materials devised during 
the reform movements of the 19S0s, 1960s, and 1970s, developing high 
school and elementary school instructional materials based upon the concep- 
tual and ii3qu?ry approach created before and after Sputnik. A number of 
laboratory approaches also form a base for the selection and development of 
curriculunu fen today. 
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Wider Views 

To return to a discussion of programs for the gifted: Further attention to 
"^instructionar* schema (as distinguished from schema of "content'')* such as 
those developed in the methods of self-selection (Brandwein, 1955/1981), the 
revolving door model (Renzulli, Reis, Smith, 1981), and the ''individuaP' 
instructional device and the "Unit-Pak" by which it is implemented (William 
Georgiades and seven researchers, 1979), may provide clues to constructs 
that permit the gifted in areas other than science and the gifted in science to 
live and work together. All these nuxiels permit well-developed, even rigor- 
ous courses of study for the gifted/talented whether the students are com- 
mitted or not yet convinced that science, social science, or any other area of 
intellection is appealing as a lifework. What is available to them is a personal 
choice, through long-term originative research in science, intensive work 
beyond the requirements of the course; this work may include (as these 
nnodels offer) individual, self-directed research. 

Thus, if a district developed its science curriculum by using the C ^ Model 
(figure 2, page 139), it would have a major theme, problem, or issue (with 
accompanying overarching concepts, which apply from kindergarten to 
grade 1 2). Above each major theme, problem, or issue, the district would in 
turn design a science scope and sequence, which would itself have themes, 
problems, or issues, which would again apply to concepts for each science 
course at all primary and secondary levels. (And these themes, problems, 
issues, and concepts would developmentally relate to the original overarch- 
ing ones.) The district would then create course descriptions based upon its 
scope and sequence. Fmally, the district would have units, which would 
include objectives for the learner and learning experiences related to the 
program goals for the gif.ed/talented, as well as integrating the principles of 
differentiation with the science curriculum guidelines above. 

Of course, in the final analysis, it is the teacher who really decides whether 
or not the students gifted/talented in areas other than science will benefit 
from suitable science experiences. It is the teacher who ultimately deter- 
mines the climate and environment in which learning will occur in the 
classroom setting, and it is s/he who must know how to use the curriculum 
wisely. This teacher must personally believe in self-directed learning and 
scientific inquiry, be knowledgeable aU>ut, coirfortable in (and, if possible, 
have a passion for) the sciences, and view science as a group of disciplines 
with broad bases and with numerous possibilities for integration with other 
fields. Such a teacher can create passion for the sciences in students gifted in 
other areas and thus unlock new possibiliiies. 
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In Sum 

1. This discussion is concerned with certain essential similarities and 
differences in the curricular and instructional strategies and tactics affecting 
students gifted/talented in areas other than science, as well as those who 
aspire to a lifew«^ in science. The essential difference seems to be that those 
inclined to science are, while still in high school, offrred opportunities for 
individual research or investigation into problems without known solutions. 

2. The reconunendations of commissions and bodies of educators con- 
cerned with the scboding and education of the gifted/Ulcnted are briefly 
sketched. 

3. A review of early curricular thrusts developed by scientists and educa- 
tors in the 1950-1965 period is made; the return in emphasis to the "basics" 
(and away from the 1950-1965 movement) of the 1970s and 1980s is de- 
scribed. 

4. The cycle is now being closed by a return of curriculum movements to 
an emphasis on science and technology to meet the requirements of the 
postindustrial society. Thus, with a melding of the impact of science and 
technok)gy on society, new curricular and instructional directions are begin- 
ning to appear in STS programs. 

5. Because the problems in fashioning the new cumculums promise to be 
different, a discussion of the principles followed by developers of plans of 
instruction (curriculum) and plans V instruction (teaching) are discussed. 

6. It seems that curriculum ma^ atill be based on the construct of concep- 
tual schemes, while instruction may still be based in the inquiry approach. 
The new clement of the 1 980s curricular movement seems to be an cmpb sis 
on science and technology related to significant social problems. 
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School, University, 
Laboratory, and Museum 
Cooperation in Identifying 
and Nurturing Potential 
Scientists 

A. Hany Passow 

Cooperation between collies and universities and schools in the identifica- 
tion and development of potential scientists is a widespread phenomenon 
which has quite a long history. Some postsecondary educational institutions 
have been making opportunities available to precolleg<; students with high 
ability for as long as 30 to 40 years or even more. These are special programs 
for such students, separate from arrangements made for individual students 
to enter college or university early and/or be accelerated through a regular 
undergraduate or graduate program. 

The 1988 Directory of Student Science Training Programs for High 
Ability Precottege Students {Science Sernce, 1987) lists hundreds of univer- 
sities and colleges, as well as a number of centers and laboratories, which 
offer programs for high-ability elementary and secondary school students. 
These special science programs are designed *'to provide talented high school 
students with educational opportunities beyond those normally available in 
courses or laboratory work in the students* schools** (p. iv). This is accom- 
plished by bringing these outstanding precollege students ''into contact with 
the instructional staff, research personnel, and general resources of colleges, 
universities, and research institutions** (p. iv). 
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The imgrams generally arc of three types: 

• RcMarch involves students as junior associates on a rescarcb team or 
principal investigators of a problem of appropriate difficulty, under the 
direct supervision of an experienced scientist. This type of activity is gener- 
ally of most benefit to students with a strong background in science who can 
work on a single problem for the duration of the project. 

• ONnes provide students with academic experiences not available in their 
high schools for some reason (too high level, too few students interested, lack 
of qualified teachers, budget, etc.). These offerings may be specially de- 
signed for the program, regular early college courses, advanced placement 
courses, regular high school courses, and/or remedial courses. 

• Rcteuck and Cowses Conbined offer instn*ction in conjunction with the 
importunity to do some sort of research (Science Service, p. iv). 

These college/university programs may be offered during the academic 
year, during the smnmer, or year-round. Some programs are available only 
for local area students who conmiute to and from the institution, others are 
primarily residential, and still others cater to both commuters and residential 
students from outside the immediate area, Some provide for elementary as 
well as secondary school students, although the majority tend to include 
mainly the former. Students pay no fees to participate in some programs 
while others require tuition, as well as room, board, and travel. Scholarships 
are available for some pn^rams. The number of students enrolled varies 
from a handful to as many as several hundred. 

Students qualify and are selected for such programs in a variety of ways. 
Usually a high grade point average (CPA) in high school is a major require- 
ment, Often some combination of standardized tests, evidence of interest, 
reconunendations from high school teachers and/or counselors, or high 
Scholastic Aptitude Test (SAT) or American College It^i (ACT) scores are 
also required. Some programs are specifically aimed at recruiting minority 
students and are restricted to qualified students who come from particular 
racial or ethnic groups, 

Thus, each year thousands of precoUege high-ability students are chosen 
for and participate in a tremendous variety of science and mathematics 
programs on college and university campuses, In addition, many institutions 
of higher education provide staff and resources for programs held within 
elementary and high schools rather than on the college campus, 

A survey of 260 institutions by Janet E, Lieberman (1985) found three 
major approaches or strategies for cooperative or collaborative efforts be- 
tween schools and colleges and univ'^rsities. The oldest and probably the 
most popular is early admission of academically able students to college. 
These programs usually admit and integrate students to regular classes with 
little or no restructuring. A second pattern involves cooperation between 
faculties of the colleges or universities and schools with the ultimate aim ^'to 
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improve teacto tnining and professional growth and performance" (p. 2). 
The thiro pattern involves institutional restructuring aimed to change articu- 
lation patterns through new high school to college structures; to loosen the 
rigidity of the typical 12 grades, then college, process; and to unify the 
sequence of education. 



Some Illustrative Programs on 
College or University Campuses 

Some <rf the variety and range of postsecondary campus-based programs for 
I«coll^ studenu of high ability can be seen in the following examples. 
This list is representative rather than exhaustive or qualitative. Programs 
have been choaen to exemplify diversity of such offerings, not necessarily 
because those described are particularly outstanding- ^dthough many are. 

AlibttM Slate Urimiity and Uihenity of Abten at Bi^^ 
■ority High School Stmtmt Reaearcfa Apprartke Plognuna. The Alabama 
State program is limited to 5 to g juniors and seniors; that in the Birnungha^ 
program enrolls 12 to 18 12th graden. The former provides a research 
program; the latter focuses on research in biomedical science. The Alabama 
Sute program seeks out minority students with "outstanding grades; interest 
in a health research career, aptitude for and demonstrated interest in bio- 
medical sciences; strong reconunendations by science teachers" (p. 1). The 
University of Ahd»ama also admits minority students able to conmiute daily 
to the Birmingham campus if they are interested in biomedical research 
careers, have aptitude for and demonstrated interest in science and math, 
good language skills, and ouUtanding high school grades (Science Service). 
The Alabama State University program lasU eight weeks each summer, the 
Birmiogham program, ten weeks. Neither program charges any tuition, and 
students are paid minimum wages while enrolled. 

The CoDcge SHrifes for Ike Gifted at Fort Hays State Utdvenity (Kansas ). 
This cooperative program involving Fort Hays State University and a num- 
ber of school districts aims to provide advanced educational opportunities for 
intellectually, dramatically, artistically, and musically gifted precollege stu- 
dents. The program makes it possible for students ages 10-18, selected on 
the basis of IQ/ scholastic aptitude scores, achievement scores, and screening 
forms in the music, drama, and art areas, to choose from 80 standard college 
courses. The College Studies for the Gifted attempts to serve the entire state, 
many of whose students come from rural and agricultural areas. Because of 
the long travel distances, during the academic year most students spend only 
one or two hours each day at the University in classes with regular university 
students taught by regular faculty The rest of their time is spent in their 
regular semor high or junior high classrooms. Participants also attend after- 
noon, evening, and Saturday classes; Telenet and media classes through the 
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Public Broadcasting System; classes at four Fort Hays State University off- 
(.ampus centers; and summer residential programs at the University. The 
University also dfers six workshops each year in special interest areas, each 
which is taught by regular faculty members and by guest experts, some- 
times on videotape. Past workshop topics have included water resources and 
polluticm problems, bioethics, computers, and laser research. Special after- 
noon and evening seminars are offered on current issues and topics of inter- 
est The program, a cooperative effort to educate young gifted students in an 
appropriate academic environment, provides them — sometimes for the first 
time— with access to high-level, challenging learning experiences. The stu- 
dents can generate "dual credit'* for their studies^-credit at their school as 
well as in odlege. 

CoMia Uirimsity Sdence Honor Program {New York), For at legist 40 
years, every Saturday morning, 3S0-S00 outstanding 1 1th and 12th grade 
students (a few 10th grauers are also included) gather on the Columbia 
University campus for a multidisciplinary program focusing on the physical 
and life sciences and mathematics. Students qualify for ihe program on the 
br^is of high scores on a special examination, but they a«x r^rmitted to take 
the exam only after being nominated by their high schooi^^, which submit 
CPAs, aptitude exam scores, and other suppor^-ve data. The program con- 
sists of courses and lectures by university facuUy, laboratory and research 
experiences using the university facilities, and seminars with outstanding 
professors, including some Nobel Prize winners. The program runs through- 
out the academic year. There are ik> tuition or other charges for the student 
participants. 

JokM HopUit Univcffsity Center for the Adranceiiient (if Academically 
TUcnl^ Youth (Maryland). Since 1972, Johns Hopkins Uni*M5rsity's Study 
of Mathematically Precocious Youth has provided opportunities for "radical 
acceleration,** beginning first in mathematics and moving to the sciences and 
the humanities. Its Center for the Advancement of Academically Talented 
Youth— located at college sites other than Johns Hopkins University in 
Baltimore — now offers courses in science, mathematics, ana the humanities 
at high school through university levels for ahnost 3,000 students, ages 12- 
16. Students qualify for the residential programs at ages 12-13 by scoring 
over SOO cm the SAT-Mathematics or a combined score of over 930 on the 
SAT-Mathematics and SAT-Verbal. The courses, for which tuition is 
charged, are each three weeks long. Students are offered standard 1-year 
high school courses in biology, chemistry, or physics in 3 weeks — S hours per 
day for IS days (Stanley and Stanley, 1986' 

Loi« bhiid Univeraity Center for Gifted Yonth (New York). Long Island 
University offers Saturday classes and a summer program on its three cam- 
puses for gifted students in kindergarten through grade nine. Included 
among the offerings are courses titled: Explorations in Science, Forensic 
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Sdenct, Marine Biology, Robotics, Chemistry, Computer Programming, 
Optics and Lasers, Bidogy, The Nature of Life, and Electricity. The purpose 
of the prosit is to augment local programs by providing children with 
suptrior mtellectual ability learning experiences that deepen and extend 
intellectual interests, as well as develop the skills of independent learning. 
Students attend for a three-hour block on Saturdaj nomings and during a 
two- to fowr-week summer program. The Long Island University Center 
represents a program in which the university provides only facilities and 
resources (e.g., labcraUnir:. classrooms, and computers) for the tuition- 
paying students. 

The UrivtnUy for Ymitk (Uaimidty of Doner) (Colorado), This progran 
is one of several offered by the University of Denver. During ^^ach qu«irter of 
the academic year and for six weeks during the summer, the University of 
Denver provides a program for gifted and talented students from preschool 
through junior high school. Graduate students from various university de- 
partments serve as instructors in course offerings which include computer 
science, physical sciences, and mathematics. Participants are selected on the 
basis of having afaready been identified for a program for the gifted and 
talented by their school or, if there is no such program, recommendations of 
teachers and the principal. During the academic year, as part of the regular 
school day, selected students from the Den' * Pubhc Schools are trans^ 
forUA to the university campus for classes ir. the areas of science, math- 
ematics, and completers. The University also offers the Early Ex{icrieiice 
Prograa^ designed for academically gifted high school seniors and highly 
qualified juniors who wish to enrich their secondary school experience with 
university4evel courses. The Early Experience Program enables students to 
take (me or nMt University of De^ irses while still pursuing their high 
school diplomas. The student /e college credit at the University of 
Denver or other cooperating nsututions of higher education. 

Laboratories, Museums, arid Research Centers 
as Resources for Precollege Science Education 

Resources for identifying and nurturing potential scientists also ^ppear in 
laboratories, mufcums, and research centers, many of which are actively 
engaged in ed*4cational efforts. Abnost since they were founded, the eight 
Department of Energy National Laboratories have invoked university fac- 
ulty and students in their work for both educational and research purposes. 

.ere recently, the laboratories have extended their educational activities to 
.he precollege level. 

In addition to programs aimed directly at precollege students, the national 
laboratories also have a number of programs aimed at providing opportuni- 
ties for teachers to upgrade their knowledge about science and scientific 
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deveiqmirats as well as improve their teaching skills. These programs are 
based on the assumption that teachers play a Ifjty role in the identification 
and development potential scientists. 

Aifoae NatioMi Laboratory (liiinois}. The Argonne .National Labora- 
tory, for examine, offers several precollege science and engineering pro- 
grams aimed at ""encouraging highly talented and motivated students to 
embark on a science/engineering career" (Thomas, 1985, p. 67). Its High 
School S oph w oif Rcicarch AppraiticcaUp Program is a six-week program 
which enrdls 40 students, a majority of whom arc from minority groups* The 
ArfOBM NatioMi Laboratory PtecoUege Ptogram enrolls some 63 graduat- 
ing liigh school seniors who have chosen to pursue science and engineering 
careers. The students work with a scientist or team of scientists on a research 

research activities. In addition, Argonne engages in several cooperative 
programs, such as the Nortfawcsteni Univcnity Midwest TaHnt Search 
Prograai, which involves about 60 youngsters, including several minority 
students, in a sununer program, and an Early Idcatlflcatioii of Sdcnce/Math 
TaMed Stadcals in cooperation with the University of Wisconsin— Madi- 
son; this program involves 40 students from grades 2 to 3. Argonne also 
participates in the consortium of indusuies and national laboratoil^* pro- 
gram titled Tonorrow'a Scientists and Tomorrow's Managers, the purpose of 
which is to encourage students to exptore careers in science and mathemat- 
ics. Argonne Nati<Mud Laboratory's Explorer Club makes it possible for 
students to be introduced to scientists and scientific principles. 

BatteOe Pacific Northwest Laboratories {Washington). Battelle has cre- 
ated its Sharing Science with Schoob program aimed at discussing current 
research and development being conducted at Battelle with students in area 
high schools. The presentations, offering advanced scientific information 
about such topics as biotechnotogy, robotics, and food irradiation, are in- 
tended to be incorporated into each school's science curriculum. 

Center for Excellence bi Education (Virginia). The Center for Excellence 
in Education's annual Research Science Institute, a six-week ner res 
dential program, is aimed at fostering the development of the mtellectual 
and practical skills of gifted and talented youth. Ia.. program emphasizes 
advanced theory and ^ "-^rch in applied mathematics, the sciences, and 
engineering. Sixty-seven scholars (SO from the U.S. and 17 from abroad, all 
in their last year of high school) are selected on the basis of demonstrated 
academic excellence in mathematics, the sciences, and the verbal arts, and 
potential for continued superior performance. The Research Science Insti- 
tute combines on-campus course work in scientific theory with offViimpus 
work in scientific research, under the direction of research scientists, math- 
ematicians, and engineers. On-campus lectures offered during the first two 
weeks are followed by a three-week research internship and a final week 
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during which the interns make oral/written presentations. Tac morning 
lectures exnlorc important areas of scientific theory and research in courses 
such as Research Frontiers in Physical Science, Research Frontiers in Bio- 
logical Science, and Frontiers in Pure and Applied Mathematics. The af- 
ternoon courses, which provide training in techmcal skills needed to do 
research, have titles such as Computer Skills for Scientific Research and 
Quantitative Research Methods. 0:her activities include field trips to re- 
search centers and museums and guest lectures by distinguished scientists, 
humanists, and researchers. The internships focus on explicitly defined, 
narrowly focused research problems in applied mathematics, biology, physi- 
cal science, or engineering, with students matched with scientists on the basis 
of mutual research interests. 

ClikitfA Mwnm Af ScUiiee tM IndiMtry iWtnoif} Wh*if net crgtinizrd 
to Fiovioe only for the potential scientist, Chicago's Museum of Science and 
Industry's Education Department offers a variety of programs for children, 
youth, adults, and families, many of which contribute to the development of 
potential scientist^. The museum provides a wide range of classes, work- 
shqxi, and lectnr«» and sponsors a museum science club and several science 
fairs. Its Kresge Library makes available a rich source o^ science and science 
education materials. The Museum's youth section contains a comprehensive 
collection of books, magazines, films, videocasftettes, audiocassettes, film- 
strips, computers and computer software, and science kits. Its Seabury 
Laboratory is the site for classes and workshops, the science clubs, and 
science demonstration development programs. Tht Museum also offers an 
extensive program of courses, workshops, and services for '^achers. 

Fcnni Natkmtl Acceknitor Laboratory (Illinois), Fermiiab provides sev- 
eral programs for precollege students. They may attend 1 of the 3 10-lecture 
sessions of Saturday morning physics offered each year, each making up a 
survey course in particle physics. Each two-hour Saturday morning lecture is 
followed by a tour of some Fermiiab facility to let students see what experi- 
ments are like. A second program recruits high school students from inner 
city schools ^ho are brought to the laboratory to work with a supervisor. 

Lawrence Livermore WatiO;id Laboratory (CGfifornia). Among the activi- 
ties of the Lawrence Liwermore National Laboratory are the following: 

• 23 scientists from Lawrence Livermore National Laboratory have taught 
science to some 9,000 fourth and fifth grades in a program called Lawrence 
. Jvermore Elementary Scbool Science Study of Nature. 

• Part-time jobs for high school students, first created in 1971, were fol- 
lowed by full-time summer jobs in order to recruit more minority students. 

• Lawrence Livermore National Laboratory scientists make presentations to 
high school classes about future careers in science and engir^sering. 

• Scientists serve as role models at Oakland High School, a magnet school in 
the Oakland area. 
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• Through a cooperative arrangement among the Livcrmorc Laboratory, the 
schools, and the business community, a career exposure pi-Qgram for student 
interested in science has been initiated. 

• A program to teach basic science to junicM* high school students was b*gun 
inl984. 

• Lawrence Livermore National Laboratory loans equipment, including 
computers and word processors, to schools. 

• K Visiting Science program is available to schools. (Perry, 198S» p. 69) 
Lm Ahum NaiioMd Labontory (New Mexico). Among several programs 

offered by the Los Alamos Naticml Laboratory to encourage interest and 
study in science are ones called Sdcace BcgfaiigB and Qutm in Sdeace 
aad r< | |ifri ^ g The target audience for Sckace BegiMii^B is children in 
grades four fix, and the program q)erates through visits to the Ixk Alamos 
National Laboratory Museum with its stateof-the^ handson exhibits and 
through demonstrations at elementary schools in the seven surrounding 
counties. Qose to 10»000 junior high students a year are reached thixxigh its 
Careen fai Scieaee aad Eflgbwcffi^g PrognuD. 



In Conclusion 

Cooperative efforts between schools and colleges and universities; research 
centers; laboratories; museums and similar agencies and institutions make an 
important omtribution to the identification and nurturance of youngsters 
vvith potential for becoming scientisU and mathematicians. Such cooperative 
efforts, which extend learning opportunities beyond those normally available 
in schools in a number of ways, provide students early access to 

• more advanced content — ^knowledge, concepts, processes — thus facilitat- 
ing curricular acceleration and/or enrichment by enabling students to par- 
ticipate in co:.vge4evel learning experiences 

c skilled, kriowledgeable instructional staff and researchers who are often 
persons likely to be involved with the constantly changing frontiers of knowl- 
edge in their disciplines 

• contact w^th persons who are engaged in '*doing science" rather than 
"teaching about" science, so that students can learn the nature of science 
and scientific research from prac«.2tioners 

• resources—laboratories, equipment, and operations— which are far richer 
and more authentic than those found in most schocls 

• mentors and role models, enabling the young to be involved with science 
practitioners and researehers engr.gcd in doing scientific research, thus ful- 
filling an important function for the developmci/ of taltnt potential 

• opportunities to be challenged and to be engaged in learning experience 
which are relev^jit and appropriate 
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• more chances to interact with other capable youngsters, often resulting in 
mutual stimulation to be creative and product' ^e 

In sum, these co(^rative efforts are highly significant in the identifica- 
tion and development of scientific potential. They are part of the overall 
process in talent development, supplementing— not replacing — the learning 
opportunities provided within the school itself. Whether students are able to 
profit from additional personnel, materials, programs, and resources de- 
pends, to a great extent, on the kinds and quality of experiences provided by 
their schools. 
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Identifying and Nurturing 
Future Scientists in Other 
Nations 



Pinchas Tamir 



Although there is general recognition that the education of gifted children 
poses special problems, in most countries these problems have not been 
considered top national priorities for at least two major reasons. First, since 
World War II, the major educational effort of practically all nations has 
been to make formal schooling available to all and, as much as possible, to 
oifer ''equal educational opportunities"* to all children. Because many of 
the newcomers to formal education have come from poor and culturally 
disadvantaged families, the needs of these children have, justly, received top 



*For further discussion of the complex nature of this aim, please note in this 
volume ^^Science Talent: In an F^^^iogy of Achievement'' and ""Equality, Equity, 
and Entity: Opening Science's Gifts for Children." 

Acknowledgments: The author would like to thank the following individuals for 
the help they offered through personal communication: David Cohen, Macquarie 
University, "ustralia; John B. Holbrook, University of Hong Kong, Hong Kong; 
Peter Fenshani, Monash University, Au«tralia; Myriam Kr^^ilchi'^k, University of 
Sdo Paulo, Brazil; Wim Nijhof, University of TVente, the Netherlands; M. M. 
Ryan, Department of Education, Wellint^ton, New Zealand; Chhotan Singh, 
National Council of Educational Research and Training, New Delhi, India; and 
Ross S. Wenn, Gifted Children Task Force, Ministry of Education, Melbourne, 
Australia, 




255 




Gifted Young in Science: Potential Through Performance 



priority; moft money and activities are, therefore, directed toward compen- 
satory education. Second, in many countries, especially in western Europe, 
special treatment of the gifted is looked upon as suspect-^ an attempt to 
undermine egalitarian society and reestablish frameworks that offer an 
advantageous education to the upper classes and other elite groups. 

In preparing this chapter, reports from responsible observers have been 
included without interjecting comment on the political, economic, or social 
practices in the countries whose programs and practices are described. It 
seems desirable to be aware of ths growth, or lack of growth, in various 
countries* national efforts for the gffted in science, since these efforts ex- 
press a judgment on the importance of the programs in relation to the 
national welfare. 

As shown by a recent survey (Mitchell and Williams, 1987), Belgium, 
Denmark, Greece, Italy, Norway, Portugal, Spain. Sweden, and Switzerland 
have no special programs for the gifted. In ocntrast, other countries, while 
sharing the concern for providing "equal educational opportunities," find it 
dciiirable to pay special attention to the education of the gifted. Bruce M. 
Mitchell and William G. Williams (1987) write lhat "it is no accident that 
South Africa, Israel, and Taiwaih— three nations that arc facing immediate 
external and internal threats — have developed extensive educational prx>- 
grams for the gifted and talented students" (p. 534). For various reasons, 
these countries need to ensure the best use their available resources a* id 
seek to do so tiirough the use of special programs. As one writer put it, "We 
Israelis of all people cannot afford the luxury of neglecting our gifted chil- 
dren" (Milgram, 1979, p. 13). 



Five Questions to Thirty Nations 

Very little information is available in the literature about the approaches 
used in different countries to the education of the gifted in general and to the 
nurturing of science talent in particular. Hence, as soon as I received the 
invitation to write tiiis chapter, I mailed a brief letter to close to 30 col- 
league" in different counties, asking S questions: 

1 . What special actions have been taken in your country in relation to t'^e 
identification and education of the gifted in science? 

2. Are there special schools or classes for the gifted in science? 

3. Are there special training programs for teachers who instruct the 
gifted? 

4. Are there special science curriculums for the gifted? 

5. Are there offerings of special informal (out-of-school) learning experi- 
ences for the gifted? 
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The answers I received serve as one source of data. I also approached several 
colleagues at international conferences and obtained some direct informa- 
tion from them. In addition, during a recent trip to South Africa I visited 
some educational centers for the gifted. Finally, as an Israeli concerned with 
the education of the gifted in science, I have firsthand information on i. iiny 
of the available programs in my own land. 

Since my information on different countries' programs varies in nature 
and detail, I cannot report it in a uniform framework. Rather, I present a 
description for each country on the basis of available information, which is 
admittedly scattered and incomplete. Naturally, I tell the Israeli story in 
greater detail than any other. I have divided the material geographically, 
roughly by continent, and within each division I present some brir^ com- 
ments on specific countries, followed by more detailed reports if ir \ . ' n 
permits. 



North and South America* 

Education in Canada is the responsibility of the provinces; each has a 
different program for the gifted. In Ontario, for example, a special bill in 
effect since 1981 requires all boards of education to provide programs for 
exceptional students. Unfortunately, I have no information about special 
programs in science. 

In most Latin American countries governments do not support special 
programs for the gifted; however, private organizations often do. In Brazil, 
for example, organizations sponsor a number of annual activities. 



In Brazil special attention is given to the needs of 1 gifted in some training 
projects for teachers. In addition, the following events take place: 

• an annual contest called Scientists for the Future (the winners present 
their projects at the meeting of the Brazilian Society for the Advancement of 
Science; the winning project receives a special award) 

• an annual congress where young scientists in the state of S3o Paulo present 
individual project reports and discuss their projects with scientists 

• a number of science fairs distributed throughout the country, the larf . 
taking place in the states of Rio Grande do ^ and Amazonas 



^Because most of this volume is devoted to discussion of the educational system 
of the United States, I do t attempt a description of attitudes and policies 
prevalent in the U.S. in this paper. 



Brazil 
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Europe* 



In spite of a general feeling in western European countries that gifted 
students can thrive in regular programs, several countries offer special pro- 
grams for the gifted. 
In G^t Britain students are grouped by ability in some subjects in 
^^ieoondaiy schools. In addition, scholarships are available that enable se- 
lected students to attend certain schools. 

In France special classes for the gifted have been established in middle 
schods since 1979. 

In the Netherlands the government is supporting a series of research 
studies aimed at providing data on the basis of which a national policy 
related to the gifted will be formulated. 

In West Germany the government supports experimental programs for the 
gifted in mathematics and literature, as well as national contests in music, 
drama, and science. However, the tes.chers' union is strongly opposed to 
special programs for the gifted. A private organization, the German Associa- 
tion for the Gifted, supports extracurricular activities such as clubs and 
camps. 

As mentioned earlier many European countries, including Denmark, Nor- 
way, Sweden, Belgium, Switzerland, Greece, Italy, Spam, and Portugal have 
no special provisions for the gifted. 

The Soviet Union offers a wid^ variety of approaches and programs that 
encourage students to develop their talents, despite a lack of consensus 
concerning the desirability of having special schools and classes. The special 
provisions are described in detail below. 

Great Britain 

In Great Britain a report from the Department of Education and Science 
(1967) states that because the nation's primary education ''at its best is 
better adapted than any other" program to meet the needs of gifted children, 
separating the gifted into special classes is not required (p. 307). As to 
secondary schools, despite the recent trend away from selective grammar 
schools, aptitudes and abilities are evaluated and stud;:nts are grouped ac- 
cording to their ability in particular subjects, including science. Conse- 
quently, students with special science abilities rtudy science at an advanced 



The Department of Education and Scienc las special funds available for 
scholarships for students to attend selected svliools, as well as money ear- 
marked for educators to do research projects related to the gifted. The 



*The decision to group the Soviet Union, which spans both Europe and Asia, 
with European nations in this paper was an arbitrary one made for convenience. 



level. 
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National Association for Uic Gifted sponsors "explorer" clubs, which meet 
on Sundays and during the sununer holidays. 

The Soviet Union 

In the absence of personal communications concerning education in the 
Soviet Union, I have relied on sources in the literature for information. My 
account draws heavily on an excellent piece by John Dunstan (1983) entitled 
"Attitudes to Provision for Gifted Children: The Case of i he USSR." 

Soviet science and technology has had an impressive reputation since the 
1950s, when the successful launch of Sputnik stuaned the world. However, 
the United States reacted to the early Soviet spice achievements by intensi- 
fying the competition between the two countries for scientific and techno- 
logical dominance. For this and other reasons, the education of highly 
trained specialists became a matter of highest priority in the U.S.S.R. 
(Dunstan). 

In debates preceding the introduction of a new school law in 1958, 
Khrushchev advocated "schools for gifted children" in the sciences (DeWitt, 
1961, p. 18). However, because of criticism from politicians, psychologists, 
and educators, who argued that such schools "would encourage snobbery, 
egoism, anticollectivism, and other undesirable social evils," Khrushchev did 
not insist upon their inclusion in the law (Brickman, 1979, p. 3 19). Neverthe- 
less, schools for mathematics and science sponsored by the universities and 
the U.S.S.R. Academy of Sciences were established Of these, the Moscow 
School of Mathematics and Physics and the Novosibirsk School of Math- 
ematics and Physics are the best known (Brickman, 1979). 

According to Dunstan, "the minority viewpoint of 1958, which was pre- 
dominantiy concerned with ensuring the replenishment of the Soviet scien- 
tific leadership, turned into a majority stance ... by the middle of the next 
decade" (p. 292). 

One example, Dunstan writes, is that 

from 1962-63 we sec thr emergence of the fiziko-matematicheskie shkoly or 
FMShs, boarding schools specializing in mathematics and science (usually phys- 
ics), atUched to and partly staffed by a higher educational institution, and offer- 
ing along with the general subjects a very high level of specialized teaching to 
their rigorously selected 14- to 16-ycar-old entrants (about 2 percent of those 
initially interested). Including the four original FMShs in Moscow, Leningrad, 
Kiev, and Novosibirsk, by 19 /0 there were some eleven such schools over the 
whole country. Their purpose was unashamedly to produce a scientific and tech- 
nological elite, (p. 296) 

By 1970, Dunstan continues, mathematics and science boarding schools 
made up 0,02 percent of the "general day schools with the senior course" 



(p. 298). 
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AnotlK ' de/elopment in the t960s was that many general (that is, not 
technical) schools introduced advanced vocational pri^grams in the "senior 
forms'* in computer programming and other fields. These schools, known as 
"mass schocds with a special prohle,** (p. 297) made up 1.21 percent of the 
general day schools in 1970. 

A third development was the introduction of elective courses, many of 
which catered to the talented students, in the general schools (Dunstan, 
1983). 

Finally, a variety of extracurricular opportunities became available to 
talented Soviet students. These included correspondence and summer 
schools sponsored by universities, as well as "study circles** offering a wide 
range of activities, which were meant to "help enrich the curriculum and 
identify the gifted in such academic fields as physics, astronomy, technology, 
biology, literature, history and others" (Bricku.^Ji, 1979, p. 321). 

Dunstan (1983) reports that "the long-standing Moscow Mathematics 
Olympiad (academic contest) was put on an all-Russian basL in 1961 and an 
all*Union one in 1967, now covering physics and chemistry also" (p. 298). 

It is interesting to note that there is still strong opposition to the provision 
of special education for the gifted in the U.S.S.R. This opposition is stronger 
among educational theorists and psychologists than among teachers and 
scientists. However, the majority ip each of these groups still supports the 
special mathematics and science schools. In addition, Dunstan reports that 
between 19S8 and 1973 support for special provisions for gifted children was 
expressed by 87 percent of the scientists, 70 percent of the teachers, and 59 
percent of the educationists and psychologists in written materials later 
evaluated as part of a study of Soviet attitudes. Moreover, support for special 
provisions for the gifted in the area of science has been much stronger than in 
other areas such as, for example, foreign languages. 

Africa 

My information on Africa is confined to the Republic of South Africa, which 
I recently visited. 

South Africa 

Although most of this commentary is based on direct experiencf , I have also 
referred to an article by A. L. Behr (1983). 

The Republic of South Africa pays special attention to the education of 
the gifted. A number of educational authorities as well as private individuals 
and organizations have implemented special programs for gifted students. 
Following is a brief description of some of the programs that bear on science 
education. 
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The most conspicuous to a visitor arc the extracunicular private centers 
for the gifted. Eight such centers were established in the large urban areas in 
the past decade. They offer enrichment programs in various subjects, includ- 
ing sciences (e.g., computers, astromxny, paleontology, electronics, petro* 
chemistry, and gedogy). Children are selected on the basis of questionnaires 
filled out by their parents, interviews of parents and children, recommenda- 
tions of the schools, and results of IQ and creativity tests. The range of 
activities offered by these centers is very broad and caters well to the abilities 
and interests of the children selected. The instructors consider collaboration 
with parents desirable. 

In the Cape Province, special program conimittees function in various 
regions. These committees compile enrichment materials and keep them in 
resource centers, where they are made available to the schools. In many 
schools gifted students are pulled out of the mainstream classes for certain 
periods of the day for special enrichment classes. In large schools gifted 
children may be permanently grouped for the study of particular subjects 
such as science. Courses focusing on teaching gifted students are compulsory 
at some teachers* colleges and are also offered at certain universities. Special 
inservice education is offered as well. 

Similar activities are offered in other South African provinces. In Natal, 
enrichment and extension programs are offered within the schools. These 
include clubs, societies, excursions, and outdoor activities. Some schools 
(M-ganize regular meetings for selected studenU so that enriched courses in 
subjects such as mathematics and biology may be followed. In 1981 an 
adviser on talented children was appointed and 1 8 pilot schools were selected 
for more systematic implementation of programs for the gifted. 

The Department of Education and IVaining, which is responsible for the 
education of the black population, established a Saturday school for gifted 
students in 1982 at Soweto Teachers' College. This school offers enrichment 
programs in a variety of subjects, including the natural sciences, to several 
hundred gifted students. It is sponsored by a private banking firm. 

Unfortunately, the vast majorit} of regular schools in ihe country are 
unable to provide sufficiently for the needs of the gifted. Although the 
number and variety of activities available to the gifted in South Africa are 
quite impressive, the percentage of the gifted— black or white— who actu- 
ally enjoy and participate in these activities is rather low. An estimated 5 
percent of the gifted population is at present being served (Meyer, 1983). 

Australia and New Zealand 

Australia and New Zealand, although neighbors with much in common, 
have in recent years taken different approac>»es to serving their gifted popu- 
lations. 
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Although education in Australia is the responsibility of the different states, 
the national government supports certain programs; for example, it pays 
each state to employ resource teachers to initiate and support enrichment 
prograi . for the gifted. In some cities, gifted science student, spend half a 
day each week away from their regular classes to participate in special 
programs that focus on scientific investigation. In addition, a special four- 
year program for outstanding science students is offered at Melbourne High 
School. 

The state of Victma has shown a far greater commitment to providing 
q)ecial programs for the gifted than any other state; cc .^uendy, the rest of 
this discussicm is devoted to describing the practices there. In Victoria a 
specjd Gifted Children Task Force coordinates various activities aimed at 
the dcvdoi»nent and nurturing of ^'children with special abilities"^ de- 
scripticm preferred to ^'gifted'' because it focuses on the child's ability rather 
^han on placiog a label on the child. The work of this task force is based on 
this philotophy: Schoob should provide early and continued opportunities to 
recognize and foster special abilities, and children with special abilities need 
opportuniti^ to develop purposeful skills at a pace appropriate for them and 
to learn to apply their advanced skills in a range of situations, 

Three kinds of activities have been offered for students with special 
abilities: extension^ enrichment, and acceleration. These children receive 
support through a number of means, such as close home-school partnerships, 
counseling services, and conununity support, Their teachers receive 
preservice and inservice education, as well as curriculum materials that take 
into account the students' special needs. 

Some of these special programs operate in schools, while others occur in 
other settings, For example, in 1986, 11 cluster ^ups involving more than 
2,000 students and 200 teachers studied a variety of enrichment materials. 
Two additional groups worked in collaboration with postsccondary institu- 
tions. Students who wish to carry out individual projects are provided with 
expert mentors, and, during school vacations, enrichment study camps have 
been conducted in several locations. The Gifted Children Task Force evalu- 
ates all of these activities and publishes relevant materials, such as a teach* 
ers' guide on how to deal with students with special abilities and booklets 
describing programs available for these students. 

New Zealand 

New Zealand's education policy has been based for many years on the 
premise that all students should have access to schooling of high quality, 
Although all students follow the same curriculum until the end of the 11th 
year of school, the New Zealand Department of Education believes that the 
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syllabiu in each subject is sufficiently flexible to enable teachers to cater to 
the special needs of small groups or individuals within their classes and that a 
special talent in science would thus be recognized and fostered. In spite of 
the official mition, three private organizations actively support talented 
students. 



In most of the east Asian countries, competition is fierce among students, as 
they move from one level of schooling to the next, to get access to better 
schoob. This contest is essential because quite often the kind of school one 
attends is a factor in determining future education and opportunities for 
careers. G)nsequently, most students are grouped and schooled by their 
''ability** (which is measured in various ways). He ^^e, countries like Hong 
Kong, Singapore, and Japan (which is discussed in detail below) have no 
special programs for gifted students. 

In sraie countries, such as the Philippines, where there is a severe shortage 
of qualified science teachers, special day and residential schools with modem 
c'l' ipment and highly qualified teachers cater to the gifted students. In these 
countries there is a large gap between the science education offered to the 
gifted and that provided to the rest of the students. 

Korea has established special schools for gifted science students. 

Taiwan operates a comprehensive plan for the gifted that includes special 
programs, curriculums, and classes in elementaiy and junior high schools. 
(There are 100 such special classes.) In addition, there are particular require- 
ments for teachers of the gifted and even extra pay for these teachers. 

India*s approach centers on a search to identify gifted secondary students 
through the use of examinations. 

Israers educational programs, planned and present, and philosophy to- 
ward education are discussed in detail at the end of this section. 



According to my colleagues, Japan, like Hong Kong and Singapore, has no 
special programs for gifted students. This may be explained, on the one 
hand, by the effect of a longtime tradition and, on the other, by the special 
role that schools play in Japanese society. 
Tetsuya Kobayashi (1976) describes the tradition as follows: 

Japan is almost the only nation in the world whose population — exceeding over 
100 million- still consists of a single national group with a common historical 
heritage, a single language and relative homogeneity in culture and belief. There 
is no doubt that such unity contributed to the swift modernization of Japan and 



Asia 



Japan 
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assisted during the process in creating cerui' aturcs of its national tradition in 
education, rich as centralization of control -^nd uniformity in the content of 
education, (p. 173) 

This tradition of unifonnitv is not conducive to the development of special 
progranns for selects J groups of students. Yet Japa*, ^ students have consis- 
tently exiiibited a high level of achievement ir science (Comber and Kcrves, 
1973). This high level of achievement owes much to the initiative of the 
government as we'' to the concern of industry. 

Howevei, as Kooayashi observes, the great progress and impressive 
achievements of the Japanese educational system since World War 11 would 
not have produced the results we now ^ without the support of the people at 
large, tc what has been called their "7«al for education." Almost all Japanese 
parents have been eager to give their cL dren cducatio! bcyona ,iie compul- 
sory age, and most Japanese are as concerned with education as with prob- 
lems of health and living. There are at least two explanations for these 
attitudes: 

• In Japanese society, ec*ncation has long been considered an effective way 
of climbing up the social ladder. 

• .lie rapid economic and industrial development that followed World War 
n greatly changed the structure of the society and increased the demand for 
qualified personnel in many nelds. 

Conseouently, the "zeal for education" has resulted in fierce competition for 
places m schools. In the public school system, a student has to go through at 
least four selection procedures before completing a university education, 
that is, entering elementary school, moving to middle school, going to high 
school, and matriculating at a university. At each stage, but especially in the 
last two stages, the kind of school to which one is admitted determines the 
opportunity to have access to a better school at the succeeding stage. This 
! irge-scale screening mechanism results in a de facto p'-^/ision of quality 
high-level education to the most talented students, who have been repeatedly 
selected for and admittui to the better schools. Japan has succeeded in 
offering high-level science education to all its students, thereby increasing 
the country's pool of future scientists. 

There is a wide range of out of-school programs and resources that con- 
tribute to the high quality oi* science education in Japan. These include 
educational television programs— some of which are at a very sophisticated 
level (Troost, 1984)— as well as science magazines, science kits, latural 
history museums, zoos, and botanical gardens. There are about 50 centers for 
science education in the country. Their primary concern is the inservice 
education of teachers, but some of thi, centers sc* up science rooms for 
children where interested students can work on individual projects, and 
sometimes the centers hold exhibitions of children's work (Takemura, 1984). 
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Inventiveness and creativity are further encouraged through annual science 
invention prizes, including the ?nw^ Minister Prize and the Encouragement 
Prize of the Minister of Education (education Council, 1985). 

In Hiroshima there is a flourishing Scientists in School program in which a 
wide variety of scientists come to schoois, participate in lessens, and engage 
in team teaching with the schools* teachers. 

However, r^ardle^s of the nature of the out-of-school activities, the tre- 
mendous emphasis upon entrance examinations and the required preparation 
for them lead many gifted students to pass up the op^^". .anity to attend the 
activities, and if they do attend them, to be too tired to participate actively or 
benefit fully from them (Imahori, 1982). 



The Philippines 

In the Philippines the Department of Education, Culture, and Spjrts 
(DECS) has issued to all public and private schools the following guidelines: 

1. Identification of gifted and talented children should begin as early as at 
the kindergarten level. 

2. Special grouping can start in the second grade. Some strategies that . 
may be adopted are special classes, partial integration, acceleration through 
skipping or telescoping grades, or through early entry into high school. 

3. Curriculum enrichment may be accomplished through additional read- 
ing assignments, independent research, and supplementary studies. 

4. Teachers for the gifted should have training in the education of the 
gifted. 

5. Periodic evaluation of the program should be undertaken to determine 
Hv^ed improvements. 

The Department of Science and Technology (DOST) regularly offers 
science scholarships at the undergraduate and graduate levels to students 
with marked intellectual gifts toward science careers. 

Philippine Science High School, a chartered insiitr , serves as the 
country's principal traimng ground in the sciena s at tne secondary level. 
The school has ^^ccntly been expanded to includt " university. (The ex- 
panded school, now called Philippine Science High School and University, is 
supported by .'"jnding f5t>m DOST and DECS.) Admission to Philippine 
Science High School is selective and is based on a two-step, er.amination- 
based sciecning process: :hc Scholastic Ability Test and the Science anu 
Math Aptitude Test. 

Standards for the recruitment and retention of the staff of Philippine 
Science Hi2:h School are kept high, since the q lity of education at the 

'lool depends greatly on ihe qual* .j the facult j Demonstration teaching 
^ required of all applicants. Academic qualifications and teaching experi- 
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cncc arc alio considered. At least once a year the school holds a forum for 
teachers cm giftedness. 

P: olic science nigh schools under the supervision of the DECS, such as 
the Manila Science High School Quezon City Science High School, are 
also available to >:udcnu, gifted in science and mathematics. There are 25 
other science high schools distributed throughout the country. Cc/eral high 
schools have special classes for the gifted and offer elective courses in math 
and science. 

Training prognuns m special education for teachers are offered during the 
summer at tne universities. 

The curriculums used at PhiUppinc Science High School and Manila 
Science High Schooi were patterned after that of the Bronx High School of 
Science in New York City. T . curriculums offered are slanted toward the 
sciences and mathematics; however, languages, the social sciences, and the 
humanities arc also stressed to provide well-rounded schooimg that addresser* 
all aspects of the students' academic and social development. 

At Philippine Science High School students are required to do hands-on 
research on a topic of their choice, with a faculty member acting as an 
adviser. As in other scierce high schools, students meet in science clubs, 
attv.1. seminars and forum^, view showing , of scientific fi!„iS, and partici- 
late in local and international science fairs and competitions. 



India 

Since 1963 India has sponsored a special national talent sea. ch, operated by 
the National Council of Educational Research and Training, in which 750 
scholarships are awarded every year to talented students for work in natural 
sciences, social sciences, medicine, and engip^-;ring. Candidates are selected 
at the end of the 10th year of school, on tl ? basis of state and national 
examinations. Every scholarship winner intending to study basic sciences 
either at the undc'-graduate or at the postgraduate stage is icquired to attend 
a compulsory summer school. In this way, India selects and nurtures its 
future scientists, doctors, and engineers. 



Israel 

Israel's strong commitment to nurturiufc *^lent is no doubt in part a result of 
the Jewish people i traditional respecl lur learning ^nd for learned people, as 
well as a response to its needs as a small, newly developing nation with poor 
natural resources, hostile neighbors, facing constant threats to its security 
and economy. Before I detail the various programs aimed at the girted, it Js 
worth emphasizing that Israel's first and most urgent educational priority by 
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far has always been to offer "equal educational opportunities** to all Israeli 
citizens. Hence, the major efforts of the educational system since the estab- 
lishment of Israel as an independent state in 1948 have focused on compensa- 
tory education for the culturally disadva^*?;:d. Yet, without denying in any 
way the importance of remediation, Israe! ^cognizes that gifted students are 
also entitled to opportunities to develop their intellectual potentiil and, at the 
same time, that the countiy cannot afford to neglect their talent and thereby 
lose their potential contribuUons. It is possible to cater to the gifted without 
investing great sums of money or diverting funds and other resources from 
the education of the rest of the students. 

In i973 the Department for the Education of the Gifted was established in 
the Ministry of Education. Its task has been to coordinate various activities 
already in operation and to initiate and promote new ones. Although there 
are ii-i^ither special schools nor special classes for gifted students in elemen- 
tary schoob, measures to idc. if> such students are taken in the lower 
grades, lliesc measures include teachers* reconmiendations and psychomet- 
ric tests. Children with IQ scores higher than 1 40 are directed to after-school 
cla es held in institutions of higher education, to spscia' classes off'ered 
during regular school hours for half a day each week, and to special summer 
camps. 

At the secondary level, Israel has special schools for giited students in 
music and the arts and plans similar ones for gifted science students. Mean- 
while, a variety of procedures that help meet the needs of the gifted operate 
within the framework of the general educational systtm in the junior and 
senior high schools. 

In the junior high schools (grades seven through nine), all students follow 
the same syllabus; however, in certain subjects, including mathematics, 
English, and in some schools, science, students are grouped, as they are in 
England, into "settings," so that high-ability students face a moie challeng- 
ing course. 

Senior high schools often divide their students by ability and interest. 
Students who elect to (and are judged able to) specialize in physics or 
biology, for example, study together. Although such classes do not admit 
only the gifted, the screening out of students who cannot cope with the 
requirements of the matriculation examination creates selective classes in 
which conditioiis are quite favorable for the gifted. 

There are further provisions for gif'^d high school students. Any student 
whose final grade at the end of the lOth grade is B or higher in a particular 
science subject may, in lieu of the matriculation examination in the subject, 
carry out an individual research rrcject under the supervision of a research 
scientist. In the natural sciences, this project requi.-es the student to do 
hands-on research, write a comprehensive report (including review of perti- 
nent literature), and take an oral examination administered by a scientist 
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who serves as ar external examiner. Many talented students have chosen to 
carry out such individual research, which gives them the opportunity to 
develop and exercise their intelle ual potential and at the same time helps 
pave the way for a future s'ience-related career. 

In certain subjects, such as biology, the high school curriculum as well as 
the struct i and demands of the matriculation examination provide oppor- 
tunities and incentives for gifted students to develop and apply their talents. 
All high school biology students in grades 11 and 12 study an inquiry- 
oriented curriculum that is based heavily on weekly investigative labora- 
tories, the analysis of research papers, invitations to inquiry, and class and 
small-group discussicms; individual student projects in ecology are also re- 
quired. All of these activities are reflected in the matriculation examination, 
which comprises a high-level, research-oriented paper-and-pencil test (60 
percent of the total score) and a highly denumding, inquiry-oriented practi- 
cal test (40 percent of the total score). I have described these exan Jnations in 
greater detail in other works ^Tamir, 1974, 1985). But what I would like to 
emphasize here is that this kind of framework while suitable for average 
students, is at the same time ope., enough to enable the more talented 
students to develop and apply their talents and reach very high levels of 
performance indeed. 

In recent years a new avenur has been mad^ available to high school 
students. In an attempt to promote teachers* autonomy, the Ministry of 
Education now encourages teachers to design their own special programs in 
any area that they choose. Every student can choose one such special pro- 
gram as a substitute for a regular matriculation examinatfon. Within this 
new framework one science teacher, for example, offered a unique research 
course to selected highly motivated uudents. The course required that tlirse 
12th-grade stude^ spend one da> each week doing individual research 
projects in the national agricultural re^^^arch institute, under the supervision 
of local researchers. In addition, the students met twice a week with their 
teacher, who structured th i classes o** the basis of her students' research 
activities. This teacher's success ofl'ers a model framework for other special 
swience-related programs. 

Israeli research institutions and universities for many years have been 
offering summer science camps a$ ;ll as year-round science clubs for 
interested students. Many gifted stauents have taken advantage of these 
ofl^erings. 

Another successful programt supported by special funds, has been helping 
gifted students from culturally and economically d'sadvantaged homes, 
rhese students ai^ identified at the age of 11, at the end of the sixth year, 
which is their last year of elementary school. Often the families of these 
children live in niral areas, far away from prestigious, selective city high 
schools from which most students continue to further educatfon. Many such 
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students enroll in special classes in one of these high schools, and some are 
also offered boarding services. Special instructional strategies are used to 
help these children develop their potential and overcome any academic 
deficiencies so they can pass the matriculation examinations and continue 
their education in postsccondary institutions. 

Finally, a special project instituted by the Israeli Defense Force offers a 
number of gifted individuals the opportunity to parti':ipate in an accelerated 
program leading to a B.Sc. degree in the natural sciences. These individuals 
ultimately serve in the army as researchers. 

In Summary 

Because the information in this article is sketchy and incomplete, the conclu- 
sions and generalizations here must be regarded as tentative. 

The opportunities available to the gifted students ii. a given country 
appear to depend on three major factors, namely, 

• the official provisions made by the country's government 

• the nature of the educational system and the curriculum 

• ie meaning assigned to equality of educational opportunities 



Official Provisions 

Review of the individual reports reveals four patterns: 

• no official governmental provisions, as in Hong Kong, New Zealand, and 
many countries in western Europe 

• no rfficial provisions by the government, but some by private organiza- 
tions, as in several countries in Latin America 

• governmental provisions made only on the basis of students* prior achieve- 
ment, as in India's talent search program 

• governmental provisions supplemented by ones from other public institu- 
tions (such as universities) to identify potential and nurture it, as in Israel, 
Taiwan, and the Soviet Union. 

We Nature of the Educational 
System and the Curriculum 

The actual opportunities open to giled students may depend on the general 
approach of the countries* schools. New Zealand*s schools, fcr example, 
stcri to provide for thu special needs of individual students, including the 
gifted. Ther'- is ample evidence that the **open classroom** often found in 
British primary schools and characterized by an informal atmosphere, mixed 
age groups, a stimulating environment, and the free use of space and materi- 
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als by the students (Weber, 1971) offers excellent opportunities for identify- 
ing and nurturing talented students. (The question remains, however, to what 
extent individual teachers take full advantage of these opportunities.) 

The problem appears to be more complex in secondary schools, where the 
educational approach and the curriculum are of singular importance. For 
example, the introduction of college-level courses in science in the high 
school sometimes deflects the intention of providing high-quality challenging 
learning experiences — ^for many such courses place strong emphasis on the 
memorization of vocabulary and concepts and devote little attention to the 
nature of science and an investigative approach. On the other hand, Israel's 
inquiry-<Mriented high school biology curriculum, which is designed for the 
gcn*^ral student population, illustrates an approach that provides opportuni- 
ties for significant intellectual development for all students. 

The Meaning Assigned to 

Equality of Educational Opportunities 

Obviously, the pattern of provisions adopted by a country depends on avail- 
able resources and, in many cases, the ideology of the country. In certain 
developed 'X)untries, there appears to be a conviction that any special provi- 
sion for the gifteo deviates from the principle of "equ?? educational opportu- 
nity" by offering special privileges to children whv e already lucky to 
possess natural advantages. Those holding this position commonly believe 
that the gifted will "make it" anyway and that any available resources should 
be directed to the weaker student populations, which typically lag far be- 
hind. 

An alternative policy, held by countries like Israel as well as by both 
individuals and organizations in many other countries, assigns a quite differ- 
ent meaning to *he principle of "equal educational opportunities." In this 
view, the principle is understood to mean giving free access to full educa- 
tional opportunity, and its goal is to provide each student the opportunity to 
develop fully his or her potential. The need for special provisions for the 
gifted is supported by the conviction held by many people that d number of 
gifted children underachieve in regular classrooms or develop negative atti- 
tudes toward school and learning and that, ultimately, these students' poten- 
tial to make a significant contribution to society may be lost. 

It may be commonly observed in developed nations worldwide that special 
opportunities are offered to the young who display abilities in the arts 
(particularly music, painting, and writing) and in the kinaesthetic arts (par- 
ticularly dance, gymnastics, and individual and team sports). In certain 
countries this policy also covers children with high-level mathematical abili- 
ties. Now, in the light of the rcquiremcnti* of a-x^ietics" increasing depen- 
dence upon science and technology, some countries are extending special 
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opportunities for laboratory work to students with high ability in the arts of 
investigation (i.e., scientific research). 

Such woit often goes beyonc*. regular course requirements; the student 
undertakes the kind of research practiced by scientists in the field, ^ost 
often guided by a teaching scientist or research scientist. Thus, the young 
scientist-to-be forges an early relationship with a mentor. For, in the end, 
such a special educational opportunity afforded during schooling is amply 
returned to society by the recipient's Mfetime of contributions. 
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Apprenticeship to Weil- 
Ordered Empiricism: 
Teaching Arts of Investigation 
in Science 



Paul F. Brandwein 
Evelyn Morliolt 
Sigmund Abeles 



Permit us the strategy of gliding into the concept of well-ordtred empiricism 
through observation of the young as they learn to think and do science.* We 
begin with the first meeting of teacher and iss. 



The First Day 

We begin the first day of our meeting in biology class. We go out into the 
world. For science se^ks to explain how the world works.* 




^On the concepts undergirding the curriculum and modes of instruction ex- 
pressed here, please see the companion paper ''Science Taleni: In an Ecology of 
Achievement" in this volume. 

*A field trip is possible in all environments and with students of all ages. For 
example, a tree on a city street will serve; so will those ubiquitous plants called 
weeds growing in a crack in a sidewalk 
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We propose a simple task: Students are to find a green plant and to write a 
brief description in answer to the question, "Where is it growing?" The 
answers are various, but all agree that the green plant is growing in soil. 

And, ^'Wheit is soil to be found?" 

On earthy .to be sure. 

We probe further, "What does a green plant need to grow?" 
The answers are clear and show a grasp of information: good soil, minerals, 
warm temperaf rw, and, of course, light. 
And, "Where does the green plan: get its light?" 
All aflSrm: From the sun. 
And, "Where is the sun?" 

A bit of hesitation but again the information is forthcoming — 93 million 
miles away. (Skmie convert the distance quickly into about 149,0<X),000 
kilometers.) 

Well, then, the question again, Where does a green plant grow?'' 
It is gratifying, no, satisfying, to find a sudden urgent and happy lighi in 
the eyes cf most; smiles and waves of hands affirm the discovery. (Eureka! 
Insight!) The green planf grows in the solar system! Of course. The explana- 
tions come thick and fast, some students wondering why they hadn*t grasped 
such a simple idea before. Soon, some contribute other facts: The solar 
system is, after all, held in interaction with other stars and celestial bodies by 
the force of gravitation. And, of course, animals depend for their lives on the 
green plant. The class has arrived at one grand, significant explanation, a 
concept, of a way the world works: The environment of an organism is the 
universe. A concept is a form of orderly explanation, a result of well-ordered 
empiricism. 

Second, students have already begun to grasp the purpose of a study of 
science, indeed one purpose of the year's work: to seek explanations for their 
observations of purported fact and purported theory. As we shall see, the 
young are to lea.«7i that facts are not isolated; they fit in interrelationship to 
other facts (Miller, 1987). Thus, one characteristic of a fact—in the area we 
assign to science— is that it is an index of a fuller explanation, to come, 
perhaps, in greater maturity: A scientific fact is one related to the world 
accessible to the scientist. In time, the students are to learn that the entire 
world is not accessible to science: fhe probes of scientists are limited by their 
need for hard-tried and hard-won verifiability of their findings. Fields of 
study not accessible to the tesiable methods of scientists are thus simply not 
in the area of science. Further, the studsnts are to learn that frequently the 
verification of a finding is not solely in the hands of the f nder but is the 
collaborative activiw> of those working in the same field. 

Third, the students wUl find that a concept generally directs the planning 
of an investigation. The knowledge that a green plant derives its primary 
eneigy from the sun and its matter from the soil and air must enter into the 
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substance of students' investigation, namely the form of their observaticis 
and their experiment. But we anticipate. 

Obviously, wc have begun our work with what most call the "processes of 
science." However, in this first day, both process and content have been 
shown to be interrelated: How something is known, a process, cannot, in the 
end, be separated from what h to be known, that special kind of content we 
call a concept. Indeed, a process, observation of a plant's growth, combined 
with critical thought, has led to a concept: A green plant is interdependent 
with the sun. 

The function of a concept needs further clarification. A concept may be 
'*tnie" or "false," but it is thought to be true at the time it is used. Thus, at 
one time, the concept of a flat earth was held to be true. A concept may also 
take the form of a hypothesis, theory, principle, or law— or just an informed 
idea, but an idea that deserves the kind of groping that is the beginning of 
science. Exploration (a form of observation) proved the concept of a flat 
earth to be false, so this concept was replaced with a new one: The earth is a 
sphere. The thought of the concept of the earth as k sphere then directed 
further doing, that is, exploration. In brief, a concept precedes exploration, 
or, if you will, experimentation. Thought before action. Thus, in certain 
aspects of the future laboratory work our students were to do, the concept — a 
green plant is dependent on the sun's encigy — was central to their work; it 
was not, could no(, be disregarded. When young seedlings were deprived of 
the sun's light, the students found the darkness not conducive to their plants' 
growth. They were beginning to !eam the meaning of well-ordered empiri- 
cism: Begin with a concept. 

Well-Ordered Versus Disordered Empiricism 

But of course there is more to well-ordered empiricism than just the bare 
idea of doing science. In his Bampton Lectures, James B. Conant ( 1 952) took 
oCi;asion to clarify the meaning of empiricism and to distinguish between its 
well-ordered and disordered forms. One can, for example, determine what is 
wrong with an electric lig^t by system«»»ic, well-ordered empiricism, by 
testing one limited working hypothesis after another. Or one may do so by 
helter-skelter disordered empiricism, by repeating the same trial again and 
again to no purpose. 

Thus, one may hypothesize: The plug is disconnected, so see to it first. 
Then, if the light still does not operate, one may change the oulb, etc. It 
would, for example, be disordered empiricism and wasted, if not fruitless, 
activity, if one went about the task by assuming that something was wrong 
with ihe plug, then immediately proceeding to wire it anew, without making 
the first tests in an ordered, systematic way. Perhaps, the only tning "wrong" 
was that the plug was disconnected or the bulb was not screwed in property. 
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In a trial-and<rror method there is obviously a difference between well- 
ordered and disordered empiricism. 

Conant emphasizes, '*What is often defined as the scientific method is 
nothing more or less than an approximate description of a well-ordered 
systematized empirical inquiry" (p. 46). And. Conant continues. "Any phi- 
losopher who happens to read these lectures will note that throughout I am 
using 'cmpiricar and 'empiricism' in a sense other than that to which he is 
accustomed; I am using these words as they are conmionly employed by 
scientists** (note. p. 46). Conant goes on to state a significant concept in the 
scientist's mode of inquiry: 

Now. systematized or wcll-ordcrcd empirical inquiries arc one clement in the 
advance of science; the other element is the use of new concepts » new concei lal 
schemes that serve as working hypotheses on a grand scale. Only by the introduc- 
ticn of a theoretical element can the degree of empiricism be reduced [italics 
ours], (p. 47) 



Thus, without the concept of the germ theory of disease, one might have 
tried, and indeed "physicians** of the early periods in medical history did try. 
disordered empirical approaches, such as driving the devil or evil spirit out of 
the skull (perhaps by drilling a hole there) or by letting blood. For example. 
Hippocrates could not know that bacteria caused disease. Centuries elapsed 
before the experiments of Louis Pasteur and Robert Koch; even their work 
did not fasten the concept in the practice of physicians of the time. The 
concept became pa. ; of the culture only after much education, and it is still 
not part of common knowledge in underdeveloped countries. (The reader will 
think of other examples of heiter-skelter empiricism.) With the formation of 
the germ theory, a systematized, well-ordered empiricism was possible. The 
concepts of the atom, of space, of photosynthesis, and of eneigy also resulted 
in well-ordered empiricism. Modem science is. one may say. the interaction 
of concepts (theoretical notions) and experimentation (well-ordered empiri- 
cism). 

The activities of a given scientist may thus include "hbiids-on** work. but. 
if so. it remains directed by the cumulative knowledge of prior research — a 
primary tool of all scientists. Possibly it is the function of a clas« discussion, 
a piece in a book about the subject under investigation, a part of a useful text, 
a lab'ratory lesson, or. when necessary, a good lecture, to add to the cumu- 
lative knowledge that is antecedent to "hands-on** investigation. 

We hear now of "hands-on science.** Froin the viewpomt of well-ordered 
empiricism, science bt3ins with a concept, an understanding, a hypothesis, a 
carefully devised design for hands-on activity. This means "brains-on** before 
hands-on. For the very young, hands-on activity at the beginning of an 
attempt to understand the way things work may well be part of the "concrete 
operation** urged by Bfirbel Inhelder and Jean Piaget (1958). But often 
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iiands-on activity remains only play--a good thing in itself. For the young, 
play becomes science when the hands-on activity is in the service of a search 
for meaning. Thus, the very young should be albwed to play with magnets or 
paper airplanes. But the child's hands-on activity doesn't lead to science 
unless it leads to a search for the properties of magnets or, in the case of 
paper planes, certain principles of flight. Nonetheless, as students go about 
their work, they should be encouraged to use a concept (brains-on) to design 
an investigation (hands-on) in planned laboratory work in search of meaning. 
Then, brains-on once again, as students record (write or enter into a com- 
puter) their observations in the form of a systematic assertion. 

Work in the Service of Knowing 

To learn to originate, in science at least, the young should have opportunity 
to innovate, to discover, that is, to do an original piece of work: an investiga- 
tion or experiment (on their level, to be sure). This principle implies both 
time and motivation within an encouraging school atmosphere. These, in 
turn, imply a teaching method that recognizes pupils' strengths and abilities, 
as well a^ their weaknesses and lack of experience in the arts of investigation, 
that is, in the arts 0/ well-ordered empiricism. Originative investigation 
means constant labor, a scholar's attitude, and work — above all— work. And 
Hrst, this task requires an opportunity to learn something about well-ordered 
empiricism. 

Our strategies and tactics are to describe in fair detail an environment in 
which this happens. We follow this course: 

1 . In teaching, we offer circumstances that allow students to select them- 
selves for imm .rsion in an augmenting environment based in apprenticeship 
to well-order^'^ empiricism. This augmenting environment follows a channel- 
ing environment that both motivates students to pursue a course of personal 
development and persuades them that they might like to try science as a 
possible lifeworl . 

2. PiS we shall see, in the channeling environment, students' interests are 
given free play — more or less. They are given the opportunity to probe the 
lives of scientis:ts so as to recognize what scientists, as artisans, are about. As 
students proceed, they learn to determine wnat is difact (acceptable data). 
The young come to learn how to discern, distinguish, and evaluate variables; 
how to weigh gathered evidence (facts) for support of hypotheses, theories, 
concepts, principles; and how and where to get knowledge and skills. They 
begin their apprenticeship in a certain form of behavior epitomized by Jacob 
Bronowski's classic statement in Science and Human Values: "We OUGHT 
to act into act in such a way that what IS true can be verified to be so" ( 1 956, 



3. After six months to a year within this channeling environment, the 
yotingare free to determine whether they wish to have a try at the augment- 



p. 74). 
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ing environment. They express their wish by a first act: They find a prr^bler. 
of their owr. and express a wish to do, to team someifaing of "the art of 
investigation" (Bcveridge, 1957) by submitt. -g ^ plan of work aimed at 
*^lving the problem t^vy have uncovered. Thus, t^ey come tace*to-face v .h 
the first thrust of a personal apprenticeship to well-ordered empiricism. For 
original investigations, as original as they can be in high school, my well be 
apprenticeships that enable the young to determine whether to have a try at 
becoming scientists. 

Our model for doing an investigation is best expressed by Bronowski 
(1978): 

In summary, finit, scic^ice is not an independent, value-free, dissociated activity 
which can be carried on apart from the res! of hunuir life, because, second, i , on 
the contrary, the expression in a very p-ecisc form of the species-specific human 
behavior which centers on ..making plans. Third, there is no distinction bet 'een 
scientific strategies and h uman strategies in gv'r' ^ our long-term attack on how 
to live and how to look at the world ^ciencc is a world view based on the notion 
that we can plan by understanding, t >urth, science is distinguished from magical 
views liy the fact that it refuses to acki*^ iedge a division betw^^n two kinds of 
logic. There is only or • logic: it works the same way in all forms of conduct, and it 
is r:ot carried out by a.iy kind of formula but by an active view of how you apply 
xh\i logic of long-term planning strategies to the conduct of the whole o/yow life 
(italics ours], (p. 17)* 

We call our model, stenmiing from Bronowski*s thesis, a planning model 
for research: that is, it is a plan for well-ordered empiricism. It is the foothuld 
idea % the apprentice scientist, whose work is to be carefully planned to 
meet a scientist's specific objective on the apprentice's level: to add to the 
store of knowledge, either through verification of existing knowledge or 
through addition of new knowledge. 



Environments for ApprenticeshiO 

Thus, we shall proceed along these lines. We shaii probe 

• Channeling Environments: emphasis on certain behaviors 

• A Nexus between .Channeling attd Augmenting Environments: processes 
of individual research 

• Augmenting Environments: 2in%Q{\Ti\t^i\g;^\\or —the well-ordered experi- 
ment learned through personal and usually individual experience 

In a sense, then, we shall be d ascribing a "Teaching Model in Schooling of 
the Talented in Science: Potential Thrqugh Identified Performance." But it 



• * 1978 Columbia Uni' si ty Press. Used by |>crmission. 
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is h ,.)essary to contemplate that equal access to opportunity in schooling is 
not the same as equal access to opportunity in education* Recall, cil 'ca- 
tional environments include prior growth and development at home and with 
family and in a given community; these environments also include opportuni- 
ties devised by parents and teachers for learning in the host of envirom. -nts 
available in out-of-school experiences, pa ticularly during the early years of 
childhood, as well as those during ihe high chool years. T^Ub, the individual 
young who take on the cbannvling-and-'^.ugnenting envtronnricnts will not 
have had equal access to educational opportunity but, ir. the work we 
describe, will be i^ven equal access to opportunities devised in schooling. 

Wc intend to validate the model based on 10 years of extended study in a 
school accepting a heterogeneous population living in the school's district; 
cntidnce tests are not required or pcKnitted. The program, involving special 
adaptations of instruction in empiricism, has been described in initial detail 
by various studies (Prcssey, 1955, and Brandwein, 1955, 1981, 1986). In 
supporting the nature of a differentiated curriculum, Pressey remarked, 
" ... in proportion as they [students] are very able, and especially as they 
have special talents, special adaptations of the usual curriculum are likely to 
be desirable** (p. 124). After this introduction, we are now able to describe 
the strategy and tactics by which students proceed from a modest r^.perience 
in well-ordered empiricism to the time when they f>Q on in their own unique 
ways to plan and do an experiment. 



Problem Solving Versus Problem Doing 

Suppose now, the 9th or 10th grade students ha-'e already been to the 
laboratory. They have, for example, read or found that green plants use 
carbon dioxide in making food for energy and growth, and, as a by-product, 
that green plants store the excess in leaves, stems, or roots. 

Tl y do simple "labs**: They find, for exr >le, that exhaled air differs 
from inhaled air and that the former turns bromthymol blue to yellow-green. 
Inorganic acids turn phenolphthalein from pink to coloriess; inorganic bases 
turn it from colorless to pink. 

TEACHER. How is it that all of you have gotten similar results? How do you 

explain your finding identical facts'^ 

STUD" NTS {Differep* explanatior^ are offered). 

ONE. Vve used similar substances! 

\NOTHER. We used the same methods! 



*For a further discussion of essential differences between the two, schooling 
and education, -f^r in this volume the prologue, "Bv Way of Beginning/* "Science 
Talent: In an EcoiOf , ^ Achievement " and Branuwein, 1 98 1 . 
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A THIRD, llic conditions for doing the "experiment" were the same; we 
had the s«. le room temperature and the substances came from one bottle. 
We followed the same directions. So we found the *'same facts," 
In short, they were doing an ''experiment" whose results were not to b. a 
surprise; the equipment was laid out to assure a common finding. 

The Next Two Weeks 

To reempbasize, we have placed quotation marks around that maligned term 
"experiment." The students were not, in fact, doing an experiment. They 
were not engaged in solving an unknown; they were doing a problem, an 
exerc' whose solution was known in advance; they were finding the knowl- 
edge designed for them by a teacher. This is not to cienigrate the function of 
the oft-criticized "labs" as "cookbook experi.nents," nor for that matter, the 
much-denigrated textbooks that may affect and interact with the "lab" 
experience. When textbooks and labs are properly used, together with criti- 
cal class discussion, they do offer students experience with the commonal- 
lues in the objects and events of the world necessary for their probes. 
Acquaintance ;vith such commonalities furnishes the young with the begin- 
nings of a sWll: the recognition of discrepant events that may be subjected to 
investigation. Critical thinking begins with the ability to identify a discrep- 
ant event; hence, the importance of reading as a "brains-on" activity and the 
"lab" 'u% "hands-on" activity as a combined base fo/ further exploration. 
Indeed, students could find the "solutk)n" to their probes in the "labs" in 
most textbooks, high school or college. But shortly, these students will en- 
gage in problem solving, a different kettle of ftsh. 

To emphasize, problem solving is different from problem doing. However, 
problem doing in what we normally call the "lab" is quite valuable — even 
apart from learning skills. Students can attain their first approximation of 
the meaning of a "fact." They find, essentially, that a fact has its credential 
outside of Its belie 'er Thus, inorganic bases turn colorless phenolphthaleln 
pink not because you, we, or I say so, but because the results have been 
verified by countlecs qualified observers. KOO^ is written thus because its 
forar.ula has been similarly verified. In the same ay, F=md remains a valid 
s*';tement; the speed of light is a constant in E-mc^; the mammalian heart 
generally ha** four chambers, etc., etc., etc. 

All these statemeu s of fact have their credentials in the detailed descrip- 
tion of well-ordered empiricism, resulting in the discovery of a ne v and 
meaningful statement assessing the facts, the validation of the facts, and the 
concepts '^mbodied in the statement. This is an exceedingly importa.it find- 
ing for all the yourg, whether as citizens in general or as scienti^ts-to-be in 
particular. The exptnence needs constant affirmation: Facts have creden- 
tials, that is, credibility, and those credentials- -their confirmation and af- 
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firmation — exist by means of well-ordered empiricism. The believer ma) 
attest to the statement as "fact," but the discovery may not have been his or 
hers. 



Do Facts Change? 

There are several ways to press a finding to this question. One young teacher 
we observed last year collected old textbooks— some from as far back as 
1916. She told us of one simple way of uncovering observations on the 
question: Are facts affirmed by scientists forever true? A ter students had 
studied the intrici^cies of the brain*s function for a while, she asked whether 
anyone would like to find out what the thinking was on the substance 
acct>icholine earlier in the century. Several students said they would be 
happy to report the next day. For their "data base " the teacher gave 
different students textbooks from 1916. 1920. 1925. 1930. and asked them to 
include the facts they found in the books in their reports. As one student said. 

The author must have known what he was writing about; he\s a Ph.D. in zoology. 
Dut the textbook he wrote in 1916 talks [sic] about neurons only, not neurohu- 
mors. Then I found out that neurohumor is of recent use, and acetylcholine didn'i 
come into common use until later. I suppose. 

Facts change as new discoveries are made. "Facts" are made falsi'iable in 
the *ight of fresh inquiry, newer knowledge, and newer discovery. Well- 
ordered empiricism is not based on the permanence of a fact — if only be- 
cause new variaoies may enter the picture. 

Variables as Conditions of Experiment 
and Amendments of a 'Tact" 

Early on. aftr: the first day*s acquaintance with an organism outdoors, each 
student cfws an orgarl m. Purpose: to relate growth of a living thing to its 
environment. All students grow a plant from th^ "beginning." They grow 
Hny chunks of potato in tight and in darkness: at the temperature of a 
refrigerator and of the room; in moist soil and in dry soil; with an eye (the 
bud) and without one. They learn that the conditions of the environment and 
the conditions of the material must be controlled to secure valid data. Thus, 
a potato at room temperature, in the light, in moist soil, with a bud is likely 
to produce a green potato shoot. No bud (a variable), but all other variables 
present, no shoot. In darkness, a spindly etiolated shoot. In dry soil, a sicklv 
attempt at a shoot, soon dead (etc. etc.). They learn that the variables in the 
environment of the experiment must be precisely controlled: that is. a well- 
ordend w., ^irical approach demands that the different variables remain 
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precisely similar, if validity is to be attained. The control of the variables 
amends the precision of the statement of the fact observed. Students thus 
begin to get their first "smell" of the meaning of the terms true or valid as 
the scientist uses them. The sequence in the teaching of the meaning of a/oc/ 
is but one indication of the teaching devices used in the channeling environ- 
ment designed to develop certain aptitudes, that is, essential behaviors, 
toward one end — 2l respect for well-ordered empiricism. 

Soon, students will immerse themselves in the augmenting environment in 
which well-ordered empiricism will be required. Such essential behaviors as 
accuracy in measurement, precision in language, honest reporting, assess- 
ment of permissible error, stating credit for prior discovery, relentless exami- 
nation of the literature, etc., etc. will come forth, as students probe on their 
own or in teams. There are, however, still o'her essential behaviors— that is, 
knowledges, attitudes, and skills— that students should develop befoit they 
are let loose in an apprenticeship to empincism, before they proceed to an 
originative work on their own. The most important is a taste, even : ::reier- 
ence, for a certain useful independence. 



An Indf^toensable Behavior: 

Indepetu jnce and Independence Training 

It is clear that a scientist is, within the graceful limits of the necessary 
cooperative aspects of science, an independent thinker. Even within a team, 
difterent scientists remain independent researchers who have agreed to m- 
cover a piece of knowledge or skill necessary to the si d team effort. Suv.i 
has been our own experience in scientific research, and such are the 
behaviors we try to foster in our students— gifted or not. Gifted students 
seem particularly to thrive and exult in a certaiii independence. Obviously, 
they are not yet independent, but they begin to get their first taste of the 
meaning of freedom. 

At Forest Hills High School in New York City, we bcgen nur work in 
independence training when we talked to the general science classes in our 
"feeder" schools (eighth grade and middle schools). Or, we deferred our 
efforts to the time the students entered high school. We suggested that 
students who might want to have a try at a career in science join a special 
class in biology (B.ology H). Usually we began with two classes of 30-36 
students who applied for entry into the program for which they "selected" 
themselves by registering for Biology H. All wers accepted— no written 
tests, nc searches of past lecjrd at this point — self-selection! 

We did not deny anyone entry into the program by use of a test as a 
measure of selection. In our view, a heterogeneous school in an open society 
allows access to equal opportunity: Any program is available to all studente 
who wish to avail themselves of it. The test— if it may be called a test— is 
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appraisal by students of their achievement in the work. As we shall see, 
during the lO-year study (1944 through 19S4), ingref»s to and exit from the 
program were permitted. 

Neither should our use of experimental and control groups be misunder- 
stood (Brandwein, 1955, pp. 3 1-32). The control group did not use a placebo 
program; the control group was offered the same opportunities as the experi- 
mental. The control was simply one that consisted of fairly matched students 
to the experimental; the latter was one that, in our observation, seemed more 
dedicated to the completion of an experiment than ^id the control. 

Rqual opportunity for the young in a democracy does not now and did not 
then, in our view, permit an experiment that denies opportunity to one group 
and permits it to another. In this, we hold the position expressed by Julian C. 
Stanley and Camilla Persson Penbow (1986): 

We were rather sure that the smorgasbord of accelerative educational opportuni- 
ties we planned to offer the "experimentaP' subjects in the study were much more 
likely to help than to harm them. Therefore, it would be inadvisable to withhold 
such opportunities from a portion of the subjects (probably half of their), who in a 
controlled experiment would be assigned randomly to a "control" group, (p. 369) 

(See also Brandwein, 1986, or Brandwein, 55/1981, for certain strategies 
useful in a school accommodating a heterogeneous population.) 

Early in the course, we presented the students with the notion that the 
study of biology had changed somewhat; i^ had become an amalgam of the 
study of living things (biology) and the study of nonliving things (chemistry, 
geology, a bit of physics, and, of course, mathcTiatics, among others). Biol- 
ogy has become a study of living things adapting to a physical environment 
and one of living things utilizing nonliving things (substances) in their physi- 
ology. There were decent biology textbooks, but at that time none was a 
satisfactory amalgam of the newer aspects of biological science. (Even in 
1947-1956, biology was no longer a discrete science.) 

We offer the stu.lents a proposition. We shall use a biology textbook as a 
springboard for our study. But there is much else to learn beyond the 
textbook. Would they be willing to collaborate in the 'ask of building the 
course of study? If onlv because teachers and students need to know what 
they must prepare in advance, we propose the following strategy. For the 
first two weeks of the course, the students may examine a selected textbook 
and find one **unit" they could study and learn on their own; they may do this 
with friends. At the end of the cwo weeks, we propose that d\ meet i.a class to 
build the outline of the course. Meanwhile, they will be developing certain 
interesting skills that all must have to study and learn in any science — let 
alone biology. At the same time, students become acquainted with two 
teachers in biology who will become their mentors; ihese two rre to be 
available for questions and resolution of problems or conflicts, upon request 
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for an appointed time, before or after school, during study or lunch periods, 
or in time "hollowed out.** 

In the first two weeks, then, (even as they plan the course), the young 
begin to learn how to use library, laboratory, textbooks, scientific data bases, 
and other resources. They continue to learn from others; they Seam from all 
manner of contiibutors, including the scientific v;orkers in the field they are 
probing. 

Further Probes 

Early or, we probr further into the internal environment of the organism. 
(We have found it easiest to work with plant orgamsms at the begirming of a 
year*s work in biology; animals require a bit jf handling.) We begin by 
examining a green plant*s cells; elodea is a good source. Again, students 
confirm one another*s observations, reinforcing their understanding of facts 
as confirmed observation embraced within a concept. 

There is no lecture on the plant cell; the labor )ry, textbooks, and library 
are first resources. Early on, the students b^gin to enter upon the habit of 
taking responsibility for enhancing their observations with readings of prior 
discovery: A good textbook sc,yes one such function, for it is, in a sense, a 
history of prior discovery. Tncir readings and discussions modify the text- 
books* contributions — even the college textbook students will eventually use. 

Young potato plants growing in water in the classroom serve as raw 
materials for preparing slides of plant ct Is, including upper and lower 
epidermis of young conducting cells (xylem and phloem cells in the stem). 
Roots and rootlets are visible in the water; they, too, are subject to study 
under the microscope. And where does the potato plant, the bud, the '*eye,** 
get its energy for growth? The answer is plain: Potatoes are good sources of 
starch, easily converted to sugar useful for the cells* energy. (Hrre, a labora- 
tory on the conversion of starch solution to sugar by the cell en^me dia- 
stase.) And the fii'st time students do an investigation involving substances — 
or one involving any element of danger— the students are required to read, 
study, and understand a statement on safety procedures. 

Ilius, the first week is spent on plant grc vth and cell studies; the second 
week is planned for animal cell studies. Laboratory work almost every day — 
with IS minutes at the end for questions and suggestions for preparation T " 
the next day. Being gifted students, most read, apprehend, do, .ind foP v 
instructions easily; the work on cells advances rapidly Meanwhile, a fev a.e 
anticipating the planning of the cou"^. They ask, ''When?** They are inpa- 
tient. 

Ai the end of the first week, a problem is raised by the teacher regarding 
some interesting stune objects from the Petrified Forest in Arizona. For all 
the world they look I'ke stone parts of trunks of trees, sterns, and roots. 
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Indeed, there are ways of cutting bits of them very, vei7 thin and preparing 
them for microscopic examination. 

And this is the way the thin sheets of stone-plant look under the micro- 
scope (a slide is placed, illuminated, and focused on the screen). 'Hie clear 
image of plant cells — walls, nucleus, etc. — is obvious. A statement is to 
found on the board, "You may read further about petrified plants in these 
botany books in the library. Or in your encyclopedia." A few hands are 
already calling for attention; information is at hand. Tlie teacher suggests, 
"Let's wait until everybody has had a chance to look into the problem; let's 
discuss it next Monday. Perhaps you'll want to write a few hundred words on 
your findings." 

Next Monday, the period begins with the question, "What have you found 
is the meaning of the slide of petrified material we observed Friday?" All do 
not raise their hands. "How many of you are not prepared?" A few raise their 
hands. A short statement by the teacher follows along these lines, "You are 
aware, I think, that scientists u:ust be ever-leamers, and they must be 
independent leainer. Next time you are not prepared, you are '-^ged to 
give me a note at the beginning of class, thus — i'm not prep? today' — 
and explain your reason." And the st&ge is set for that most ^.rdurable of 
developed aptitudes: independence in learning. 

Nonetheless, the discusi.ion proceeds. Students report (factually, thought- 
fully, am. *n dcociu English): Tne objects are clearly cells. Therefore, these 
petrified plants — called fossils or fossil remains— were onc^j alive. Now, they 
are preserved. There is general agreenent (Some offer an estimate of age.) 

Further Advances in the 
Learning of Process Skills 

But the objectives of the experience arc clear in the teacher's mind: Students 
are not only to advance in knowledge (of content) but also in methodology (of 
process). The teacher asks a question: 

Is it fair to put your findings thus? 

IF these are indeed cslls, as they appear to be, 

THEN, the petrified trunks, or parts of organisms should be parts of 
organisms that lived ii the past. 

Some students recognize the statement to be in th : form of a hypothesis 
(the IF/THEN form). Some are ready to define the hyix)thesis by the cliched 
"educated guess," but, of course, it is mere than that. A few questions call 
forth the notion that a hypothesis is indeed part of a process; it is a plan for 
further experiment. 

" ipposc the IF portion of the statement to be "true"; the THEN part 
f ows as a statement requiring evidence. To make the statement evidential, 
the scientist is obliged to find living organism^: with similar forms of cells .^r 
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to find chemical equivalents to whicn living and dead cells conform. To 
repeat, a hypothesis is a plan for work, not a substitute for conclusions. It is a 
plan for gathering a multitude of observations. The aim of all these is, in the 
end, an ordwly explanation of the phenomenon, a new .,nd meaningful 
statement, possibly a theory, 

A theory, recall, is an explanation of a considerable number of \i ^pen- 
dent, interrelated observations (e.g., the atomic theory). And the students 
have many such observations ready at hand on which to base u first theory: 
observations o^ ^t least eight plants<-onion, elodea, Tradescantia, strips of 
potato epid^nnis, xylem and phloem cells, root hairs of potato, stem cells of 
the clear weed, Impatiens. Within the coming week the students will also 
have examined a multitude of cells of animals, including mammalian (their 
own cheek cells and cells of other animals) and amphibian tissue cells. The 
theory, then: Organisms are composed of units called cells* 

Thus, the students begin to appreciate certain first concepts of the nature 
of scientific processes, to be modified as learning proceeds. Ihus, the young 
discover, in general, that a hypothesis is a grand design for planning an 
investigation and that a theory not only explains the multitude of facts 
gathered through observation but also offers a design for directing further 
work. Thus, the cell theory directs research on the nature of the cell, on the 
manner cells maintain the internal environment, on the cell's fur tion in 
heredity, m homeostasis. 

Tht students have reached the objective of the first two weeks of the 
coursf; in biology: a melding of content and process derived through observa- 
tion, experiment, and a search through the cumulative knowledge that are 
the ren^arkable resources of scientists. The first two weeks are, therefore, a 
first and smallish introduction to the kind of research, or plan for discovery, 
which is in i^e repertoire of the scientist. The rest is to follow. The first steps 
are being taken 



A Parther Thrust Toward the Skills 
Ai^d Privileges of Independence 

In our experience, »n the second week, after the labs on cells have been 
completed, students begin again their eager, much-appreciated nagging: 
When are we going to build the course? 



♦Of course, some students have already read that Matthew Schlcidcn and 
Theodore Schwann had developed this "cell theory," after many years of work. 
This in the 1830s. The students also Icarn that the tw j scientists had worked 
separately (Sch!ciden on plants and Schwann on animals), but their work was 
published in a related time span; thus, they are jointly credited with the theory. 
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TEACHER. How many arc ready? (Not all raise hands.} Clearly not all are 
ready. Let me make a suggestion. Why do*- . you group yourselves into six 
groups? (The classroom is so organized that this is possible; it has movable 
chairs and tables.) 1*11 finish up my own plans. (On the unusual occasions 
when the discussion becomes heated, the teacher flicks the lights on and 
off— a signal: ' light, not heat "I 

Toward the end of the class, a short discussion leads to the provision that 
some groups will meet at different homes to **finish** their plans. 

AlnK)st always (in our experience), students are ready to plan the course 
early, at the beginning of the secoiid week. A committee of students lists all 
the topics and page numbers their classmates are willing to study on their 
own. The suggestions vary from "the book's too easy" to "that topic is hard." 
The final plan after two days of discussion (a number of plans are telescoped) 
is something like this. 

First, we may conclude that one student or another will mention or submit 
topics she/he can study. The net result — the entire tex*book (an instruc- 
tional device) might, if the central concepts were dispersed among ihe 
volunteers (who offer to study and report on them), be covered in sequer . 
by different volunteers during the year. But the teachers in the group ha. 
agreed tO offer a different tactic. They are not willing to be left out — ^nol only 
because some concepts are inadequately treated in the text but also because 

• nev researches not readily available in our library need to be discussed 

• laboratory investigation must be included 

• an iriividual piece of reiwdrch, which ail will be required to do, will need 
to be planned 

• time must be left for recreation, Tor play, for other subjects 

Finally, the class agrees upon the topics that may safely be left to the 
students on their own. These generally include 

• classification of organisms (with specimens provided in the laboratory) 

• general body anatomy and physiology (with the options of discussions in 
class on special aspects- -i.e., eizymes, hormones) 

The students obligate themselves to study in groups that they organize. 
(Note that the activities described above are now called ''cooperative learn- 
ing"; on this subject, see Roger T. Johnson and David W. Johnson's paper in 
this volume.) 

The teacher may then undertake to probe the concepts involved in the 
course titled Organisms: Internal arJ External Environments — Past, 
Present, Future. It includes, in rough progression, 

1. interaction of cells in maintaining the structure and function of organ- 
isms (chemistry and physiology of cells, organs, tissues, homeostasis, and 
health generally) 

2. interaction of cells in maintaining the heredity the organism (genet- 
ic $ mainly) 
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3. interaction of organisms with environments, past and present (ecology 
of present environments [ecosystems] and ecology of past environments 
[evolution]) 

4. future of environments (including use of resources, r.pace, etc.) 

Some Sticking Points 

Clearly, the class's proposal that it is to study certain topics on its own and 
the general willingness of students to do so is test of willingness to under- 
take independent study. 

All is not smooth going; nothing ever is, is it, in plans that involve the 
human condition? Other students have learned of "what's going on," and 
they "»vant in." So do certain of their parents. However, not all participating 
students are "sold on the plan": They hadn't counted on being responsible for 
work on their own; they prefer the lecture as a mode of instruction; they are 
mindful of the end-of-the-year state examination in biology. (In New York 
State, this is the Regents examination.) These students "want out"; so do 
their parents. 

The class discusses the meaning of independent study, its values and its 
hazards. The teacher helps by suggesting, in answer to a question on testing, 
that students will be given the opportunity to test themselves at certain 
planned periods. Y .il;er, in our experience, the classes have done splendidly 
on the state examination. (Evidence is offered.) In the end, approximately 4 
to 8 students fa toUl for both classes) ask for transfer to the "regular" 
classes; about 10 students, sponsored by parents— some quite insistently — 
seek entry. The department chair, in discussion with the teachers in the 
department and the principal, has foreseen such problems, and in the first 
two weeks the transfers are made, (in the practice of the science departm'-.nt, 
planning f^i the first two weeks of the semester included concepts taugnt by 
ail science teache.*s in their special courses; therefore, student' who trans- 
ferred in the first two weeks were not penalized by inadequate preparation in 
subject matter.) 

The requirement of independent study is not the only reason why some 
students are uncomfortable with the class they originally "selected for them- 
selves." The 5 of 13 teachers (in the various sciences) who have volunteered 
to participate in the program are comi^itted to reducing the lecture as a 
mode of instruction. In fact, in this course, the "lecture" will be reduced 
from some 70 percent to 30 percent, so that students may devote time to 
independent study in and out of class This, we have called the maturity- 
independence model. In essenci-, the transfer of knowledge from teacher to 
student is reduced gradually so that the transaction in le: ming is not of 
teacher 'a learner but is turned to a certain independence: the learner as 
learner and the teacher as mentor and guide. That is, the veacher acts as a 
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guide to not as a guaHian of the archives. . Jter all, the students are gifted. 
Recall, we are engaged in probing whether they wish to turn their gijis to a 
talent in science. And the study of scier.c- and the work of the scientist 
require the habits of independent stud',. 

Figure 1 
Changing Initiatives 

Teachers Initiative Students Initiative 




Teacher's Initiative 

includes lectures, visiting speakers, 
demonstrations, literary and note- 
taking skills; teaching, discussion, 
and seminar skills; conferences; in- 
dividual testing; additional labo- 
ratories; teaching uses of texts and 
reference papers, etc. 



Students' Initiative 

Includes individual study, cooper- 
ative learning, library work, requests 
for extended lectures, laboratories, 
projects, seminars, extensions of top- 
ics, etc. 



Thi , the teacher turns from a presenter to a questioner, persisting in a 
certain strategy, always probing: What do you know? Statements beginning 
with what, why, how, when, where ask about substantive content matters — 
not who will tell me (or us). (Students are expected to be prepared.) 

How do you know it? (Students are expected to know the sources they 
quote or those they have studied.) 

How well do you know it? (Students are expected to offer evidence or 
reasons for their statements.) 

Is it true? (Students are expected to give some evidence of verification.) 
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Now, all this is not rigid. Teaching, we realize, is not only a plan for 
combining two loves — the young and their concepts and processes of thought 
and action with certain knowledges, values, and skills that will comr out of 
the interaction that is the essence of teaching. Teaching also requires the 
practice of extreme patience, of kindness, of compassion. Students do not 
easily learn that a given teacher won't always be with them; they not only 
need to learn how to learn but also to understand the significance of indepen- 
dence in learning, an essential life-affirming behavior. They are put at ease: 
If they find they are not comfortable with the approach, they may change 
class again at the end of the semester. And, if they have done the work as 
diligently as possible, we promise that the lowest grade will be a ^. Only one 
to three students leave at the end of the semester; the rest find it easier and 
easier to accommodate the **new** mode of teaching-learning. Besides, all 
students may take a given test a second time until they learn how to accom- 
modate themselves to the arts of study. And the mentors are at hand to help 
them encompass these arts. Further, we are committed to the Rogerian 
principles of "psychological safety and psychological freedom" (Rogers, 
1961): There is an absence of threat. Mistakes are not **punished"; there is 
freedom to disagree; there is also freedom to leave the course of work 
proposed. 

This, :hen, is a picture of the channeling environment. In the last months, 
students will be introduced slowly to the augmenting environment. In the 
latter, a talent for science is to be indicated through performance in re- 
^rch, that is, in problem finding and problem solving. A first objective: the 
development of the art of finding compelling problems for study. 



Augmenting Environments: 
Discovering Problems for Research 

Students are, he v*ever, not required to wait one year before they are permit- 
ted to engage in individual or group research. The channeling environment is 
rich enough to stimulate some studentf to probe individual — sometimes 
astonishingly unique — problems long before that. For some students, ihe 
process has begun, in fact, before the first day; tney bring certain research 
problems to the work at hand. Early on, we recognized that the habits of well- 
ordered empiricism are best taught in a time-honored and effective manner; 
they are to be experienced personally in individual work. And individual 
research is central to the augmenting environment. Learning an art or inves- 
tigation means doing an investigation. In 1947, we had begun visits to the 
elementary schools that sent their students to Forest Hills High School. (This 
is relatively easy to do in a school with a known population of elementary and 
junior high school students destined for school.) We explained our pro* 
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gram to students and teachers and, in fact, developed a program of visits to 
our science classrooms by teachers and students in the feeder schools. Cer> 
tain students became interested in protist (then protozoan) studies. They 
came to the school in the 9th or 10th grades, prepared and eager to conduct 
their own "experiments." However, most problems directed toward possible 
indi, .dual or group experimentation came to the fore almost with the first 
da 



A Nexus Between Channeling and 

Augmenting Environments: 

Certain Processes of Individual Investigation 

We have noted a critical ability in our samples of those who turn their talents 
to science; they are powerful conceptualizers. (Of course, such is alsu otten 
characteristic of the young generally gifted in the habits of intellection.) In 
fact, one had to guard against their easy knacN of "putting together" ob- 
servations and facts int' theoretical assertions — often ingeniously contrived. 

One instance will illustrate at once the ease with which problems are 
defined by these students, as well as the oj^portunities and difficulties of 
seeking solutions. We had established a curricular structure centered in 
concepts and, therefore, in concept seeking and concept forming; we set 
aside one period a week — or whenever students vvere ready for such a 
discussion — on "individual research problems.** It was understood, however, 
that, once a student brought a problem to the attention of the class, it * lis 
or hers to solve — if a solution proved possible. The group*s function is en, 
that of disru;<sion. 

To illustrate the process of initial discussion by the class followed by 
individual work: One of the students (R) put a problem before the group 
couched in the language of t»*« hypothesis — it becomes a habit. (Note the 
iF-THEN construct.) 

IF the sun*s light — and thus light generally — is essential to the growth of 
organisms, 

THEN the growth of trees situated on street comers ne . street lights may 
be afl^ected. 

Wonderful! R was asked whether she wished to discuss the problem *n 
class or whether she wished to proceed on her own — to make the problem 
available for her individual research. In any case, she would be required to 
present a "plan of research.** N3, R said, she would be pleased to have help; 
she said she was "swamped in variables.** 

The class responded. First, she would need to know the names of the trees 
she planned to study. {R respo nded by holding up "Key to Plants* Identifica- 
tion'* and explaining how she had begun to use it.; Then, difl'ercnt members 
of the class suggested the follovving variables: 

O 
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1. She would nerd to compfire the same species. (R had chosen a fre- 
quently planted tree — Tilia michauxii, a common horticultural variety of 
the Linden.) 

2. She would need to compare trees of similar trunk diameter, height, and 
branching. 

3. She would need to compare trees on comers with similar geographic 
locations. (She chose the southeast corners to compare with northwest ones.) 

4. She would need to nicasui-c light intensity at given periods— morning, 
afternoon, evening. (R agreed that, for safety reasons, she would do her 
evening measurements in the company of an adult.) 

Other variables were width of leaves, change in color, and differing mois- 
ture content of soil. Even in this first attempt, the l idents had begun to 
reduce the empirical aspects of their research and to nurture an ability to 
design a well-ordered empiricism; they had determined the concept involved 
in order to form a hypothesis, which, in turn, directed their search for 
variables. (Recall that disordered empiricism is trial-and-error, somewhat 
like poking about in the haze; well-ordered empiricism begins with a theoreti- 
cal underpinning, a concept.) The concept in this case: An organism is the 
result 01 the interaction of its heredity and environment. 

After two weeks of pondering the problem, R came to the conclusion that 
she would prefer to engage in laboratory ^experimentation where she could 
control the variables. She came up with another problem.* Note another 
aspect of well-ordered empiricism: the use of a device (in this case, the 
laboratory) to control variables. 

Other Projects: Other Problems 

The point that needs making is that gifted students with a cent toward 
science (we call them "science-prone**) are quick to find problems. After all, 
the structure of the course puts them in the way of wide reading of college 
texts, the basic high school biology book, and technical mzg^TXTits— Scien- 
tific Monthly, Scientific American, and so forth were the wont of .nany of 
them— and they also paid wide attention to newspaper, magazine, and TV 
accounts. Then, there was the science &nd mathematics journal they had 
organized; the monthly seminars and yearly science congresses; the science 
fain: they attended; and the like. Some of them had begun attending the open 
meetings at the Museum of Natural History, seminars of the New York 
Academy of Sciences, etc. T\i\x&, finding problems was not difficult; finding 
problems accessible to work on and fundable by the high school laboratory 
was. Some students, however, were able to work in nearby college and 

*Her new study brought to successful conclusion: ''The Influence of the Antibi- 
otic Terramycin on Reproduction of Paramecium caudatum," 
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hospital laboratories (with college mentors approved by their parents and 
high school adviser-mentors). 

Howe\5r, not everyone in the class elected to do research; approximately 
50 percent of the two classes, each comprising 36 or so students in any given 
year, found the inclination and time — and possessed the predispc ing fac- 
tors, particularly that of persistence — to pursue the problem to the end in 
honorable success or honorable failure. (For further elaboration, consult 
"Science Talent: In an Ecology of Achievement" in this volume.) All stu- 
dents at Forest Hills High School were required to tak : a year of laboratory 
science and almosi all elected biology. Approximately 40 percent of our 
enrolled students selected preparation in the commercial area and in other 
so-called nonacademic careers. About 60 percent elected college-prepara- 
tory programs, but all could, if they wished, change programs. About half of 
the college-preparatory group selected themselves for immersion in more 
rigorous study in a variety of subject matters. However, to clarify, we 
regularly found that in any year approximately 70-80 students selected 
themselves for the "science-prone" group. 

In any event, a spate of problem finding resulted from our practice of 
insisting on reading (where applicable) the scientific literature, sharing the 
information in class, and regular discussions of "problem seeking" by these 
who wished to proceed with their own research. The scisnce talented found 
plenty of bona fide subject* for resef»rch. For example, here is a list of 
problems pres«.nted in one class (similar in rumber and interest to other 
years): 

• Is there a variation in background radiation in the Flushing region (an area 
covering two square miles)? 

• What precision is there in the order of flowering of four selected species of 
plants on selected dates in spring, early summer, early autumn, and late 
autumn, in specially situated regions in Forest HilU? 

• Is it possible to design a machine to perform a iTiultipartite operation (a 
game of cards) previously done only by humans? 

• Is the "rising" of Wolffia commensurate with its increase in number of 
buds? 

• What is the rate of population growth in comparative inoculations of 
Paramecium caudatum and R aurelia in like culture media? 

And, in the form of topics, these: 

• comparison of growth of sessile organisms Vorticella in different environ- 
ments 

• problem: in the photography of crystalline structures 

• the ultraviolet photosensitization of Tribolium confusum 

• the harmony of Mendel's results: an inquiry into statistical measures 

• the uses <rf computers to harmonize music 

• the content of galls on the cherry (Pntnus serotina) 
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• the embryology of a snail (Physa) in relation to variation in light, tempera- 
ture, and isotonic media 

• meteor showers in August: seeking new constellations 

Some 30 problems were comnK>nly generated each year by students. Most 
problems and topics were derived "independently/* stimulated, aided, and 
abetted by reading and discussions in class. Some projects were "uncovered** 
by readings suggested by the teaching mentors the students had chosen. 
Some topics were stimulated by parents who were scientists or in the out-of- 
school seminars the students attended. (Cn this see A. Harry Passow*s 
"School, University, Laboratory, and Museum Cooperation in Identifying 
and Nurturing Potential Scientists** in this volume.) 

It is well to consider preliminary and interim reports of research problems 
by two students, samples of the distinctly individual researches earned 
through during the 10 years of our study (Brandwein, 1955/1981). We may 
note that eich re^x)rt is, in its own way, an index of the first requirement in 
self-expression and conduct of the "apprentice scientist**: well-ordered em- 
piricism as an index of the critical thinking that is the habit of the scientist. It 
is also to be noted that each piece of research was monitored by a scientist 
knowledgeable in the specific area of the research. 



Michael Fried and bis Tribolium confiisum 



Preliminary Report: An Ultraviolet Photoscnsitization in 
Para-am<nobenzoic and Pantothenic acid fed to TriboVum confusum 



I had read (sec references)* that when mice were fed buckwheat and were pl'^ced 
in a strong light they died, while mice lacking either *he light, the buckwheat, or 
both thrived. I tried to duplicate the results on insects. I worked with the confuse J 
flour beetle Tribolium confusum. 

The effect in nice can be duplicated on the flour beetle. I am reasonably 
certain that: 

1. The ultraviolet rays of the light, acting with an agent (or agents) in the 
Duckwheat, seem to cause the reaction known as photosensitization. 

2 When pantothenic o' para-aminobenzoic acids (in a concentration of 5 
percent and hi^* er) are added to the diet of the flour beetles, the photosensitizing 
effect does not occur. 

It may be that the photosensitizing reactions are caused by the conversion of 
either (or both) pantothenic or para-aminobenzoic acid (PABA), both of which 



*Notes and references appended to original paper not included here to conserve 
space. Paper, later enlarged by some 1,500 words, was part of student *s submis- 
sion to the Westinghouse Science Talent Search. 
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are needed by the cells to synthesize antimetabolitic structural analogues. The 
cells of Triholium seize upon these structural analogues but cannot utilize them; 
the cells thus suffer from a deficiency of these vitamins Death may be the result. 

Michael Frieda Senior 
Forest Hills High School 

Michael Fried did not sail smoothly through his investigation: He had 
certain problems to solve. For exairple, 

1. He cared for two colonies of Tribolium, one in the school laboratory, 
one at home. This, a precaution against catastrophe. 

2. He spent considerable time in a laboratory (over a period of four 
months) developing the range of dosages of ultraviolet light and pantothenic 
and para-aminobenzoic acid until he obtained optimum concentrations. This, 
under the supervision of a scientist in the laboratory. 

3. He had his data reviewed by biochemists and physicians at a nearby 
university and hospital. 

4. His mentor — ^and the scientist who monitored his work — thought his 
procedure and technique elegant. His experimentation proceeded over a year 
with constant improvement in method. 

Carl Koenig and His Machine 
Performing Multipartite Operations 

Interim Report: The Design of an Electrical Machine Performing a Multipar- 
tite Operation of a Mechanical and Mathematical Nature Previously Done 
Only by Man* 



The question of machines replacing man has been asked again and again during 
the last two centuries. As of now, machines have been developed that can com- 
pletely replace man in certain jobs concerning mechanical operations and arith- 
metical computations. I was interested in knowing if a machine could be designed 
that could completely replace man m a more complex, multipartite job. 



•(Of course, Carl meant human throughout ) 

Full description, diagrams, tables, and references originally appended are not 
included here to conserve space. 

Perhaps it will be useful for the reader to know that, if the Search is a valid test 
of finding those who might succeed in science, then — as compared to entrants at 
two select schools— students at Forest Hills, including R, Michael Fried, and Carl 
Koenig, performed favorably during the 10-year period of our study. (See table 1 
in ''Science Talent: In an Ecology of Achievement" in this volume. However, the 
reader of that paper will also note that during this period, not all schools, some 
with highly able students, entered the Science Talent Search.) 
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obs involve one or more of the following factors: mechanical operations, 
arithii slical computations, observations, reasoning, and the element of chance. I 
wanted to sec if it was possible to design a machine that could perform a job that 
contained all five factors. Since the dealer in the game of blackjack has a job that 
involves all five factors, I decided to try to design a machine which would take the 
dealer's place. 

FirsU I unified into a definite set of rules the various ways of playing blackjack. 
Then, after arranging the controls of the machine for convenience of operation 
and prevention of confusion, I prepared an instruction sheet to tell how to operate 
the machine. Because of its multiphase operation and its resulting complexity, the 
machine was considered as 17 individual units, each being a block of cognate 
functions. All the functions of each unit were tabulated, and then wiring diagrams 
of each unit were developed. A method was developed for the machine to decide 
mathematically what the dealer would decide. The designing of the machine was 
more than just a problem in designing circuits. It was also a problem in unifica- 
tion, tabulation, and classification of information, problem analysis, and probabil- 
ity. 

My machine has the possibility of taking over the jobs of man. It could be 
assumed, however, that I am inferring that machines will replace man himself. If 
a machine can reason, it is following the reasoning that man told it to follow and 
not reasoning by itself. 

Carl Koenig, Senior 
Forest Hills High School 

Wc were, and arc, persuaded that, in these and several hundred other 
investigations and experiments, we could glean evidence of the kind of 
questing and persistence of scientists-in-cmbryo. We find a kind of active 
seeking and finding of a channeling environment and a further probing and 
seeking that thn^st the student into an augmenting environment. We sec the 
beginnings of a personal transformation into the attitudes, aptitudes, and 
behaviors we recognize as those of the maturing scientist. In short, the 
channeling and augmenting environments, if successful, lead to a self-trans- 
forming environment. 

Potential Tested Through Performance 

We are persuaded that the ability to plan and complete an experiment, with 
the arduous and meticulous application required, may well be a valid test of 
science talent or, if you will, a test of potential in science. It is possible that 
the artifices of the computer will enable us to prepare similar innovative 
experiments that will take less time than a full-fledged laboratory experi- 
ment and thus be more appealing for most teachers in limited school situa- 
tions (see later). 

We are further persuaded that such a test lends itself to solidly empirical 
observations and experimentation, that it distinguishes between aimless pre- 
cocity and the quiet, patient, and persistent qualities undergirding the pro- 
duction of verifiable knowledge, the hallmark of what we know as science. 
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Thus, doing an investigation or experimentation in science and mathematics 
might well be a test of the ability to perform in science and thus might be 
considered a test of an ability in discovery (synonym: creadvity). In a sense, 
such an approach offers a whole way of looking at the whole individual. Also, 
in this sense, we are stating a point of view that has pervaded the works of 
philosophers and students of human development. (On this, see Liam 
Hudson, 1966.) In any event, until another test is devised that predicts more 
adequately an individual's talent in science, we propose that doing an investi- 
gation that results in an originative work on the high school level will serve as 
a useful predictor of science talent. (See also "Science Talent: In an Ecology 
of Achievement** in this volume.) 

A Pervasive Problem and a Possible Solution 

You will not have failed to note that, although the generation of problems for 
study was not a problem in itself, the problems generated were nevertheless 
to be found mainly in the field of biology and ecology — some in astronomy. 
It is worth probing the major reasons. 

Biology was the first true laboratory-, discussion-, and seminar-centered 
course for the great majority of the students in our school — some 97 percent. 
It is credible to assume that the motivations were of a high order to try 
individual research early. Very few of the students deferred their research to 
a later year. Indeed, a questionnaire study and iollow-up discussion with the 
students in the augmenting environment (most of the 354 in the 10-year 
investigation we conducted) indicated that there was necessary and suffi- 
cient reason for their early commitment. Some offered the potent reason that 
later they would be taken up vith a full program of electives as well as with 
preparation for junior and senior Scholastic Aptitude Tests. 

Further, more as a matter of custom than a reality founded in fact, our 
mentors "felt** that students should have a decent exposure to a year's work 
in science, say in biology, before experimentation was permitted in a particu- 
lar sector. This seems hardly convincing, but there it is. 

But in recent years another art of investigation has emerged: the com- 
puter, with its fascinating promise of rapid engagement of statistic with 
statistic, fact v ith fact, ami mind with mind. Further, the computer offers 
speedier recognition of variables, facile recording, and fairly prompt return 
and recording of data. Of course, the arts of investigation are also developed 
in such experience in doing the customary laboratory exercises. Ccnainly, 
handsK)n experience is required to do originative work as well. But, in all 
cases, hands-on experience should rest in a well-ordered empiricism: first in 
the statement of a concept and, then, in the actual laboratory experience. In 
any event, microcomputer-based laboratories promise to expand greatly the 
types of laboratory experiences we have in the schools, not just in biology, 
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but in physics, chemistry, and geology, as well. Further, "Of equal attraction 
is the creativity that can and will be released in the development of new lab 
activiUcs" (Abclcs, 1985, p. 39). 

For example, many high school chemistry courses include the following 
investigaticm demonstrating change of sUte. In the traditional laboratory, 
the student uses a substance, such as naphthalene or paradichlorobcnzcne, 
which is warmed to its liquid sUte and then allowed to cool. A thermometer 
is placed into a test tube conUining the subsUncc, and then this tube is 
placed into a second, larger, chilled tube. The student takes readings from 
the thermometer as the substance cools and places them, along with the time 
of each reading, on his or her daU table. After the conclusion of the activity, 
the temperature readings as a function of time are recorded manually upon a 
graph. The student may now observe the cooling curve of the liquid, the 
plateau formed as the liquid changes to a solid, and the cooling curve of the 
solid. The mathematical expression of the physical phenomenon is now 
available and may be used for prediction of the outcome of further experi- 
ment. (Prediction, of course, is a necessary component of well-ordered em- 
piricism.) 

This same activity may now be accomplished in the microcomputer-based 
science laboratory. In this case, a probe containing a thermistor is substi- 
tuted for the thermometer. The information concerning changes in tempera- 
ture sensed by the probe is translated into electrical information by the 
thermistor. This information is sent — even as it occurs — ^to the computer. A 
program in the computer draws a graph on the screen of the monitor. The 
changes in temperature are thus placed upon the graph— again, as they 
happen. The students can see the graph of the cooling curve form at the same 
time that they watch the substance change physically in the test tube. The 
relationship between the observed physical phenomenon and its derived 
mathematical expression is thus observed in close juxtaposition in time 
(Guertin, Pease, and Smith, 1 987). Because of this relationship, the possibil- 
ity exists for generating new problems for investigation right then and there. 
Thus, too, the reduction of disordered empiricism and the induction of 
methods that promise a better ordering of empiricism. 

In the physics laboratory, a rapidly increasing number of activities are 
particularly amenable to microcomputer-based science laboratory philoso- 
phy Light, sound, motion, force, magnetism, and, of course, voltages are all 
phenomena that can be detected and translated into information the com- 
puter can process Again, this approach opens new ways of undertaking — in 
effective instruction— investigations that are more difficult and more time 
consuming using earlier approaches. As a case in point, consider the simple 
harmonic motion of a mass-and-spring system. Without computer help, a 
teacher attempting to show this phenomenon would first connect the mass to 
the spring, hang both from a support, and set the system in motion. The 
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students would be asked to observe the up-and-down motion of the system. 
To show the sinusoidal properties of the motion, the teacher might ask that a 
pen, attached to the mass, be allowed to rest upon a moving chart next to the 
system to record its motion. Or, perhaps, photographs could be taken to 
determine the position of the mass as a function of time. 

In the microcomputer-based science laboratory, another option is avail- 
able. A sonic transducer is used (Tinker, 1987). This device produces ultra- 
so^ind pulses, which are sent from the transducer out toward an object. After 
a series of these pulses have been produced, the transducer changes its mode 
of operation and waits to receive the echoes of the pulses bouncing off the 
object. By timing the period from the transmission of the pulses to their 
return, the computer can then calculate the distance of the object. Using this 
concept, a sonic transducer is placed upon the floo; underneath an oscillating 
spring-mass system. The program in the computer draws a graph upon the 
screen of the monitor. As the information is transferred to the computer from 
the transducer, the observations — in the form of points — ^appear upon the 
graph When the points are connected, the resulting sine wave now describes 
the motion of the system. The sine wave can be printed easily to keep a 
record for analysis. 

All this takes but a few moments and leaves time for the student to 
explore — to investigate — by changing the variables within the system. What 
happens with a different mass? A different spring? A longer or shorter 
spring? And so on. Hypotheses can be stated, inferences drawn, and then 
experiments developed to provide the tests. The student has become a plan- 
ner and observer of the investigation rather than being captured by its more 
tedious component — the repetition of observation of routine empirical data. 
The student can then use the computer's devices to manage a decently 
ordered empiricism. The program that determines the computer's ''observa- 
tion** and ''calculations** comes out of the basic concepts and planned meth- 
odology (a well-ordered empiricism, as it were) introduced into its memory. 

From a pedagogical point of view, there are several interesting hypotheses 
that can be developed. First, students can often more easily and more 
efficiently correlate physical phenomena with their mathematical analogues 
in a microcomputer-based science laboratory than they can in a traditional 
laboratory arrangement devised in lengthy empirical settings. Second, stu- 
dents can, because of the shorter time periods involved for each activity, 
repeat the investigation either under the same or different conditions, thus 
reinforcing their understanding. Third, because of the reduction in the te- 
dium of manual data gathering, students are free to probe at greater depth 
the phenomena they have observed and to develop better-ordered investiga- 
tions and hypotheses. 

Certainly, much research into the most effective pedagogical uses of the 
microcomputer-based science laboratory remains ahead. However, there is 
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little question that this new approach to science instruction in the laboratory 
will have an impact on present techniques and that— as in the case for all 
science— the more we learn, then the more there will be to leani. That is, new 
findings do not put one to rest; they stimulate the finding of new problems for 
h:vestigat:on; the newer findings stimulate newer problems, etc», etc., etc. 



Entry into New Augmenting Environments 
and a New Ecology of Achievement 

Within the 10 years of the 1955 Forest Hills study, of 655 students who had 
finally elected the channeling environment, 354 had chosen to undertake the 
experiences of the augmenting environment: They had completed a piece of 
research. A good number had submitted themselves to the rigors of the 
Science Talent Search; in comparison with other schools, a decent number 
were successful. About 170 of the 354 (circa 48 percent) had placed a career 
in science high on their list of aspirations. We had planned a thoroughgoing 
follow-up study, but we found that we could not determine with the validity 
we desired whether the designed environments in science we had described 
were primarily responsible for the students' eventual choice of careers in 
science and/or technology. In fact, considering our emphasis on the signifi- 
cant impact of a variety of ecologies nf achievement on teaching and learn- 
ing, as well as on the choice of a life's work, we should have expected what 
our findings might be. Surprisingly, however, even our experience as teach- 
ers in colleges and univenities, as well as in the schools, did not prepare us for 
our observations. (On this, sec "Science Talent: In an Ecology of Achieve- 
ment" in this volume.) 

It was clear— almost crysUl clear— that, after an initial 23 visits to the 
universities and cdleges diflferent students in our program were attending, 
the undergraduates had formed strong attachments, even in the freshman 
years, to new mentors. Those former students who kept in touch with us 
throughout their undergraduate and, inde;^, through their graduate years 
wrote of their attachment to their mentors in college and university (while 
firmly acknowledging our shared early relationship). Indeed, we suspect 
strongly it may also be the other m.y around: Professors and researchers in 
the university seek cut the most talented (synonym: promising) students and 
try to interest them in the problems with which they, the mature scientists, 
are concerned. As it should be. 

In brief, our apprentice scientists had left us for another and different 
augmenting environment and for a distinctly different ecology of achieve- 
ment. Perhaps, as a matter of attaining a durable self-concept, they wished to 
leave adolescence behind on the welcome path to maturity. Besides, they 
knew they could aN/ays call on us; we had promised them so before they left 
the school. 
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It is clear that the university environment itself can also become a channel* 
ing and augmenting environment, which can add substantially to the stu- 
dents* capacities and well-being in achieving competence in performance. In 
these matters, it soon outstrips and supplants what the high school has 
provided. What is important to consider is that schooling may have opened 
the door, initiating a significant first step for most. Surely, a good number 
had bent to science before they came to the high school. Surely, this is also 
true of those who take tests to enter special science schools. Even so, the 
university environment is in many ways not similar to the school environ- 
ment. There, in the school, the young can find "the second chance," a 
guarantee of compassionate stewardship of their present and future, the 
safety valve guaranteed by our principle of self-selection (see page 282). In 
the school, this second chance may be a guarantee of a "revolving door" (an 
opportunity to leave a program and return to it at a later time) described by 
.loseph S. Renzulli, Sally M. Reis, and Linda H. Smith (1981). Bui the 
augmenting environment within the ecology of achievement in the university 
is, to use a safe judgment, much more rigorous and, at the same time, in the 
expectation that the "apprentice scientist" is to fulfill the requirements of 
the society of scientists, less forgiving. We may explore the situation some- 
what as follows. 

One member of the group we had elected to study, a quiet student, had in 
high school pursued the courses of study, the seminars, and the science fairs 
and congresses with sustained brilliance; others turned to him for leadership. 
His writings and his paper in the Forest Hills High School Journal of 
Science and Mathematics demonstrated a much-admired literacy. He 
turned his attention to an interest in biological development of organisms, 
and his project earned him the place of finalist in the Science Talent Search. 
Then, he went on to a fine showing in science and mathematics at a univer- 
sity. There was a period of splendid graduate work, a serial progression from 
a minor to a major university as instructor, as assistant to associate to full 
professor, all the while with brilliant contributions in a major field. And now 
this student is tenured in one of the prestigious chairs of science in one of the 
major universities In the country. Three other students in this group went on 
to earn Ph.D.s and then to similar — but not equal — academic positions; four 
more went to different positions in industry. Indeed, we can point to the 
successes of a decent number of the young who selected themselves to 
undertake the rigors of the program we have described. May we, should we, 
take credit for the achievement of these remarkable young men and women? 

We are persuaded we may not. Teachers in the schools supported by 
colleagues and community and a moment in history are responsible for the 
ecology of achievement that enables the young who so wish to take advan- 
tage of a channeling and augmenting environment during three to four years 
of their young lives. That is our responsibility as teachers. The route of the 



Gifted Young in Scieiice: Potential Through Performance 



young to bec<»ning scientists began with their birth— if not prior to birth— in 
the environment prepared for them by their parents, who indeed could be 
said to have been prepared for parenthood. For parents arc also a product of 
their heredity and environment in their own moment of history, Once these 
young men and women leave environments of schooling for the university, 
they enter a newer eool(^ of achievement in which their character-roofed 
habits and passions play a largr part in the road they are to travel We have 
found these young to be gracious in their consideration of tneir high school 
years and their oft-repeated respect for their experiences then. These acU^ of 
gratitude we consider as an earnest of their traits and their exemplary 
behavior in the human and humane mode. However, do our former students 
not credit us overmuch for doing the work we have always wanted to do as 
teachers and now take joy in doing? 

As are all (M'ganisms, the talented have been forged in the external activity 
of the dyad— of genes interacting with environment, Their environment at 
fint is that of the culture— of family, of peers, of schooUng, of society and its 
institutions, But, in the end, the talented create their own ca-'.u!f of another 
special environment — the freedom to do their work in then idiosyncratic 
way. In short, shaped by the culture's environment, their talent forges not 
only a multitude of contributions but also their own environment, the one in 
which these contributions are bom. 

People who display what we finally may assi^ to **science talent" — and 
not to any other kind of talent — have attributes that are formed in the trials, 
in the 1 bors of originative work. These individuals develop congeries of traits 
necessuy to those who contribute to a field of knowledge called science, or a 
subset within the field. These attributes are found, if you will, in the charac- 
ter of those who arc called scientists and are so considered by the community 
that benefits from their contributions. That armament, discernible in the art 
of investigation we call scientific inquiry, affirms that mode of inquiry or 
research cleariy demonstrated by the ability to do an investigation whose 
procedure and results arc within the area of well-ordered empiricism: Both 
procedure and results are repeatable, 

Ard thus science is self-correcting because its theories and conclusions arc 
subject to the intense collaborative scrutiny of a scientist's peers: a commu- 
nity. In such a conununity, one may live a wholesome life of service to others 
and thus, in Albert Schweitzer's terms, find an opportunity to be ''finished 
with oneself," Finished in the surest sense, that is, in the act of becoming and 
being completed as a human. 

It seems clear that the work of scientists and engineers has reordered 
certain aspects of the world's economy as well as the political and social 
relationships of nations. Indeed, current movements in curriculum focus on 
stressing a new and profound integration of the disciplines of the sciences 
and social sciences grouped under a significant curricular rubric: Science. 
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Technology, Society. Whether the curricular changes required are, or arc 
not, adopted by the schools is not here the substance of our discussion. 
However, the reader will not have failed to recognize that onrushing discov- 
eries seem to overwhelm us, that the enormous increases in knowledge in 
science and technology testing our understanding are of a different kind and 
degree of magnitude than those of the past. Now these masses of new 
knowledge affect the entire planet and its peoples—not to menthn other 
bodies in space. 

To labor the obviou*', does not the future of such knowledge rest in good 
part on the schoolin'* and education oi' our young? Thus it is that our young 
have now become a precious resource in a world that yearns for the wisdom 
to press the increasing impact of science and technology on society into the 
mold of human and humane purpose. And that in turn rests on men and 
women who are as compassionate as they are competent. 



In Sum 

1. In jigh school, a student's ability to plan and complete an originative 
work in science and, thus, to demonstrate the capacity for the well-ordered 
empiricism such work requires, may well be a valid test of science talent, or, 
if you will, a test of potential in science. If, as do a number of psychologists 
and students in the field of giftedncss, one considers "success" in the Science 
Talent Search an index of such potential, then the thesis stated above may be 
valid because the Science Talent Search requires the completion of such an 
originative v;ork. 

2. It is demonstrated that students who are enrolled in the general popula- 
tion of a heterogeneous school are mature enough to nominate themselves for 
entry into such a program, forgoing the need of a prerequisite formal test. 
Students who select themselves freely (a process we call self-selectfcn) for 
participation in the curricular and instructional devices explicit in the design 
of the channeling and augmenting environments described in this paper can 
indeed complete such an originative work. It is also a matter of record that, 
over a 10-ycar period (the length of our investigation). Forest Hills High 
School, whose heterogeneous population embraced all students in the school 
district applying for enrollment, placed finalists and honorable mentions in 
the Science Talent Search in numbers comparable to those of the science 
high schools that selected their students by requiring tests for entrance. It is 
demonstrable that the Forest Hills students in our program tended to select 
careers in science in an appreciable number (Brandwein, 1955/1981). The 
findings of the Science Talent Search concur. 

3. To determine the spectrum of traits in general giftedness, one needs to 
demonstrate a certain literacy and numeracy and an ability to attain the 
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ctptcities, aptitudes, and skilk essential to the arts of gathering, storing, 
scanniog, and retrieving knowledge. Certain abilities in the use of such 
knowledge (i.e., critical thinking) niay also be demonstrpted. The congeries 
of tiiits of gifted students are now part of a considerable literature (on this 
tee Ahfaham I Tannenbaum* 1983). 

4. To determine the more specific trait of science talent, we propose a 
necessity to uHistruct an environment in which it can be denonstrated. In 
our view (Bfindwein 19SS/I98I; a^id that of Hudson (1966), a talent in 
science is demonstrated in a performing art, the art of investigation. In a 
similar aen^e, the abt' ty to perform as a pianist is rarely discerned in the 
absence of an environment: a piano, the necessary music, and usually an 
accomplished pianist, sucn as a teacher, a mentor. And, of course, years of 
demanding study and practice. In the f nd, the pianist is enabled to demon- 
strate his or her art m a performance. Howeve*- anlike the traits we ascribe 
to musical talent, the traits of the science talented may well be a subset of 
those delineated in the spectrum of general giftedness; these special traits 
have been described in this volume by Passow, Tannenbaum, and Brandwein 
(here and elaewheie [1933/1981]). 

5. It seems to us that the environments that are within the architecture of 
schooling, namely those of curriculum, instruction, and admin .tration, com- 
prise, in turn, two elements: one, a channeling environment that appeals to 
'~^ted students generally but attends to the process and content of well- 
orde;:ed empiricism; the other, an augn>enting environment that calls upon 
potsntial in science to be turned into performance. Both environments are 
interactive with genetic components. Thus, science ulent (and general gift- 
edness as well) is not sotely genetic in nature but is the result of a dyad: the 
interaction of genes and environment. This is to emphasize our belief that, 
without a nurturing environment such as the one described in this paper, 
science talent may not be demonstrated in high school. (On this, note the 
dyad described in "Science Talent: In an Ecology of Achievement" in this 
volume.) 

6. To become a scientist one needs to accept the rigors of an environment 
that diflfers in manner and degree from that of high school. The university, 
the graduate school, and the privileged laboratory of the scientist subtend a 
newer eook)gy of achievement that includes the mature traits of the scholar: 
character^ooted independence and the ability to live within the subculture 
of the scientist. One is required to undergo a considerable period of training 
(in which options are closed) and education (in which options are opened). To 
succeed means to earn the respect of one*s peers and to enter into a life that is 
centered in contributions to the culture, specifically, and to the world's stoie 
of knowledge, generally. 
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The Role of Content and 
Process in the Education of 
Science Teachers 



Joseph D. Novak 



For decades there has been disagreement regarding the iri.|X)rtance of con- 
tent versus process in science teaching. That is, should learning emphasize 
the accumulated knowledge in science, or should the emphasis be placed on 
the methods used by scientists to produce new knowledge? Most science 
instruction for the past 100 years or more has emphasized learning **facts,** 
which Joseph J. Schwab (1962) characterized pejoratively as memorizing a 
"rhet(Mic of conclusions** (p. 24). 



Emerging Concepts About Science Education 

This kind of instruction by memorization has failed to achieve the goals of 
general education for two reasons: new knowledge has been accumulating at 
an accelerating rate, often replacing or contradicting earlier "facts,** and 
information learned by rote is usually forgotten in two to four weeks. 

Another criticism has been that emphasis on memorizing "facts** not only 
fails to give learners lasting and usable knowledge but also, at best, gives no 
insight into how scientists work and, at worst, leads to a distorted view of the 
nature of scientific inquiry. Schwab and Paul F. Brand wein (1962) have 
argued that science teaching should place emphasis on the nature of scien- 
tific inquiry and not on simply gathering data. And yet every study of the 
teaching of :ience done in the past decade has shown that most science 
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lesrm<; focus primarily on the acquisition of the facts of science. Courses for 
g^fied students often do little more than increase the number of facts to be 
memorized. Twenty years of federally supported projects in curriculum 
development and programs for educating teachers have not resulted in a 
uisc^mable improvement in science instruction in our schools (U.S. General 
Accounting Office, 1984) 

Why have we failed? Is there a basis for improvement? I believe the 
answers lie in ?^cwly emerging knowledge about learners and learning, better 
understanding of epistcmology— the nature of knowledge— and new educa- 
tional strategies to help teacheis help students "learn how to learn." Further, 
? body of evidence from research suggests that science education can be 
improved. Arguments over emphasis on content versus process will collapse 
with the recognition that how scientists construct knowledge is a process 
complementary to how students learn science. 

There is today what Marcia C. Linn (1987) describes as "an emerging 
consensus** among psychologists, philosophers, and science educators. This 
consensus includes a movement away from behavforal psychology and "laws 
of learning," which had relevance to animals* learning in mazes or in Skinner 
boxes and some application to students* memori;dng isolated bits of informa* 
' )n by rote. Behavioral psychology not only ignored the important role that 
feelings play in how and when students learn but also deemphasized the 
positive and negative influences of students* prior experience upon their 
acquisition of new knowledge (see Ausubcl, 1968, and Ausubel, Novak, and 
Hanesian, 1986). The new consensus in psychology, on the contrary, recog- 
nizes how invalid ideas or misconceptions held by students can negatively 
aflcct their understanding. Teachers and researchers who subscribe to this 
consensus now know that learners must be helped to take charge of the 
reorganization and elaboration of their own conceptual frames of reference. 
When students are helped to recognize that they have the power to learn new 
ideas and to use these ideas in problem solving, positive feelings and attitudes 
toward learning — and toward themselves — can result. Beginning with the 
pionee'^ii g work of developmental psychologist Jean Piaget in the 1920s and 
continuing in most psychological research today, the consensus is that, while 
learners must construct their own meanings for ideas about how the world 
works, they can |:-ofit from assistance both as to how their learning takes 
place and bow it csKti be enhanced. 

A New Cc' (it IS 

A new conse . i« al>o .merping in the domain of philosophy. For three 
centuries, the <*^^iv >aAt view wa^ that the objective of scientists was to 
"discover** tht >a v of nature that explain "reality** by "objective** observa- 
tion and experimentation. The emerging consensus in epistemology holds 
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that, just as the individual constructs his or her own view of science, the 
scientist works with existing concepts and constructs and elaborates ^lew 
ideas to account for what is observed, But epistemologists now recognize that 
the current beliefs held by scientists empower or constrain them in selecting 
forms of inquiry, in choosing the phenomena to observe, in designing ways to 
record events or objects, in deciding which questions to ask, and in selecting 
the ways to transform records — to construct claims — about how the world 
works. Moreover, the contemporary **constructivist" epistemologist recog- 
nizes that emotions play a key role in every aspect of the modes of inquiry 
scientists choose to employ, The idea that scientists study nature without 
interference from their feelings or prior conceptualizations is rejected. In- 
stead, the '^biases** of the genius help guide him or her to ask the **right** 
questions, choose the **best" way to make records, and construct the **best" 
claims for knowledge, (See, for example, Watson, 1968; Keller and Freeman, 
1983; and Gunther S, Stent, in this volume,) 

Years ago Michael Polyani (1956) wrote about the importance of **pas- 
sion** in science; though his ideas were then widely out of step with prevailing 
positivistic epistemology, they were prophetic of current constructivist views. 
Unfortunately, in many textbooks and most classrooms, the message stu- 
dents frequently receivt *s rooted in the positivist dogma that there is but one 
**cori*ect** answer and their task is to memorize it. This pervasive positivism 
justifies the widespread practice of fact giving and student memorizing that 
characterizes much science instruction in schools. 

Because our views of the world keep changing, it is important to recognize 
that constructivism does not imply that nothing is worth learning. For learn- 
ers and for scientists — constraints at hand — working in given disci|. . .s. 
current conceptual ideas are all that we have to make sense of the world. 
These concepts permit us to find answers to problems and to create new 
knowledge. Constructivism holds that this process is never ending for the 
individual, whether scientist or not, who seeks to understand his or her world. 
Much of the excitement and reward in science and other forms of scholar- 
ship come from the recognition that there is always a new challenge ahead, 
even when present questions appear to be answered. 

The theory of instruction that emerges from the new consensus is strik- 
ingly difl^erent from that commonly observed in schools. Table 1 shows the 
contrast between "traditional" and **constructivist** views of the classroom. 
Basically, the new view recognizes not only individual difl'erences among 
learners but also those of gender, race, culture — factors embracing heredity 
and personality. The new perspective is optimistic with regard to human 
potential, viewing individual limitations as induced by culture (family, 
school, or society) rather than as inherent or innate, John B, CarrolPs (1963) 
and Benjamin Bloom's (1976) ideas that 90 percent of students can **master*' 
most school learning tasks are expanded to include new ideas about the 
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Table 1 



Traditional Patte'^ns 
in Education of Teachers: 
In Relation to Five Elements * 



CMlexl 



Tuk n to aoquiiv in- 
fonnalion (uMulb^ by 



Ejn^iaM oa kMon 
pUnnmg foanedon 
dociphne. not learn- 
cr*» pnor knowledfe 

Failure reginkd u 
tack of aputude or 
mMnraiKM 

Die of "objective" 
tests validata view of 
learner u "empty ves- 
tel" to be filled with 
mrormaiion 

Group ifiitnictmn vali- 
dates view tint failure 
IS due to lack of iptj- 
tude 

Rewards and punish- 
ments are principal 
motivators for loim- 
ini 



Manaiement and clasa 
control emphasized 

View that teachers 
cause leaminf 

Motivation strategies 
emphasize clear sute* 
men! of rewifds and 
pumshments 

Teacher chansma is a 
desired goal 

Audiovisual aids, com- 
puters seen as in- 
formation fivers 
rather than as toob to 
help in meaning mak- 
ini 

Lectunnf. test wnting 
skills emphasized 

Little concern for 
curriculum develop- 
ment 1^ teachers 



F'xed, textbook cen- 

vTCd 

Emphasis on coverage 
techniques 

View (hat knowledge 
IS (ruth to be learned 
Oe. memorized) 

Lutle planning or re- 
prd for student's feel- 
inp 

Subject matter uught 
and testing should 
show close to one-to- 
one correspondence 

School, sute, or uni- 
versity exams set the 
criteria for what is 
covered 

Publishers are respon- 
sible curriculum devel- 
opers 



Schooling IS good Mi- 
nor im p r o vements may 
be needed 

Children should do as 
they are (dd 

School curriculum is 
generally okay, but 
more emphasis on 
''basics" a needed 

Teachers should be re- 
warded according to 
sundardized test 
scores received by 
their pupils 

Years of ser'ice and 
cdlege crediu/degrees 
earned are primary ba- 
sis for ulary leveb 

Educational theory 
and research is of little 
relevance and value lo 
teachers or program 
planner 

Administration should 
run the schools 



"Objective" tesu art 
the key to evaluation, 
with grades assigned 



Frequent testing helps 
studenu meet courK 
objectives 

Scores on sundard- 
ized sute or publish* 
ers' tests are good 
criteria of success 

Time<onsuming eval- 
uation methods are not 
worth (he cfTon (e g , 
esuy exams, group 

project reporu) 

"Test Item banto*'— 
collections of test 
questions "oovenng" 
various subject mat- 
ters — are a primary 
resounx for teacher- 
mrde tests, together 
with *sts prepared by 
book p> riishen 

. acu must be learned 
before undenunding 
can develop, hence, 
tests should stress 
knowledge of factt 



•ThcK five elements are my modification of Schwab's (1973) "commonplaces" (I) learner. (2) teacher, (3> subject 
matter, and (4) social milieu 1 have added <5) evaluation, because it plays a dominant, indeed, often a controlling role in 
schooling 



nature of learning and the construction of knowledge. Finally, new methods 
of teaching employ metacognitivc tools to help students learn how to learn. 



Metacognitive Tools 

D. Bob Gowin and I have devised two tools that help teachers and students 
better understand how new knowledge is learned and created. These are 
"meta" tools because they transcend subject matter and assist all kinds of 
learners. Concept mapping emerged from our need to make better records of 
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Table 1 (continued) 



Constructivist Patterns 
in Education of Teachers: 
In Relation to Five Elements 



liMfMr 


Teacktr 


CwrkilMi 


CMlCXt 


EvalMtlM 


Learner tniui 


Emphasuon find* 


Emphasis on ma- 


Schooling empha* 


Progress of stu- 


make new mean- 


ing out what the 


jor conceptual 


sizing rote learn- 


dents should be 


in|i bawd on hit/ 


learner already 


ideas and skilb 


ing IS ~d<miesti- 


monitored with 


her pnor knowf- 


knows 




eating " 


files containing a 


edie 




Recognition of dt- 




broad range of 


Meaninfful leam- 


Research and the- 


versii> of learners 


Schooling empha- 


performance indi- 


ory guide prac- 


and need for vari- 


sizing meaningful 


caton 


tng ts primary ba- 


tice 


ety in learning re- 


learning and cre- 




rn for poulive 




sources 


ativil> IS empow- 


A broad range of 


motivation and 


Clear distinction 




ering 


evaluation mea- 


•ente of empower- 
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what a learner knew before and after instruction. Figure 1 shows two concept 
maps constructed from interviews; these maps represent a student's — 
PhiKs — knowledge of the particulate nature of matter in grades two and 
twelve. 

Primar y grade children can learn, in a matter of a few minutes up to a few 
hours, how to make their own concept maps from concept (word) lists or 
from texts. After students have had years of schooling based predominantly 
on rote learning, however, we find that — at the upper elementary school to 
college level — they may require hours of instruction and weeks of practice 
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Figure 1 
7\v6 Concept Maps 
Phil— Grade 2 




Phil— Grade 12 




Two concept maps drawn from interviews with a student (Phil) in grade 2 
(top) and grade 12 (bottom). Note that even after junior high school science 
and high school bioiogy, physics, and cheniistry, Phil has not integrated 
concepts of atoms and molecules with states of matter nor corrected his 
misconception that sugar or smell molecules arc "in" water molecules. 
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before being able proficiently to construct their own concept maps. Our 
experience has been replicated many times by teachers at all grade levels 
and in all subject matters — including sports, literature, and mathematics — 
not only science. Concept maps can also be enormously helpful in designing 
new instructional programs and planning new textboo'^, films, or computer 
programs. (See Novak and Gowin, 1984, chapter 4.) 

I have used concept maps as the principal evaluation tool in my under- 
graduate and graduate classes for the past decade. Unlike true-false or 
multiplc<hoice exams, concept maps place the responsibility on the learner 
to recognize and illustrate important ideas, principles, structures of knowl- 
edge, and statements of values. It would take thousands of multiple-choice 
questions to test for the ideas and relationships shown in a map with 30 or 40 
concepts; yet those questions would still not reveal the unique and creative 
relationships recognized by better learners. Gifted students work particu- 
larly well with concept maps, which provide ample opportunities for demon- 
strating breadth and depth of knowledge as well as creative insights. 

A second metacognitive tool invented by my colleague, Gowin, is the Vee 
heuristic. Figure 2 shows the general form of the Vee, and figure 3 shows a 
Vee constructed by students in a junior high school science class. Both the 
students* versions and Gowin's Vee's were constructed with the help of a 
computer program, which my colleagues and 1 developed.* 

The Vee heuristic, based on constructivist enistemology, helps to illustrate 
the many conceptual and procedural elements involved in constructing 
knowledge. Each element interacts with and modifies every other element in 
the process of probing the various aspects making up a single area. If, in 
response to this heuristic, we change our question, the event we observe, or 
the theory we apply, different claims are to be made for the knowledge and/ 
or values that emerge. A learner's or researcher's cognitive structure can be 
shown as a complex concept map on the left side of the Vee; this device helps 
to illustrate why two leameri: or two researchers may draw different conclu- 
sions from the same observations. If the learners choose to make different 
records as well, they can make widely different claims for their conclusions, 
even in response to the same question about the same event. For example, 
early chemists saw the change in burning wood as the loss of phlogiston, but 
today, in response to the same question— "What happens when wood 
bums?"— people think primarily of the oxidation of carbon and hydrogen. 

In the pursuit of knowledge, it is often necessary to devise new ways of 
recording or approaching experiments or results. The Leyden jar, the oscillo- 
scope, and the laser are a few examples of these efforts. What the history of 



♦Our computer program to help studenu construct concept maps is available 
through Exccller Software Corporation, Cornell Research Park. Ithaca, NY 
14850. 




313 




Gifted Young in Science: Potential Through Performance 



Figure 2 
Focus Questions 

Hwre ire usiully only one or a few major questionf we leek to answer regarding an event or set of objects. 
ThcK questions serve to "focus** our attention on the phenomenon we wuh to study and point to possible 
knowledge daims (usually called hypotheses) and value claims that may arise from the inquiry The ''focus 
questions'* help us to define the phenomenon we seek to study 

7 1 - 

Philotophy. Thb is our brood guiding view of 



how we believe the universe works and how 
the ph e nome na we study relate to the range of 
questions that ooukl be addressed. 

Eumpfe Comtnctimil phOonpliy hoUi ihai our 
ooaocpts. poBciplcii, mmI thoonct oomiimic lo evolve 



Theory Theories explmn why phenomena ap- 
pear as they do or operate u they do Theories 
tend to change only slowly over time, but no 
theory is perfect in expUining any phenome- 
non New theories are constructed by highly 
creative persons, and these compete with old 
theories for yean or centuries 

Example Maitcr ■ ■ mode of panicles wlwic mut 
is co we n xd la aay uamfonntiion 



FrificipieM Principles describe how objects ap- 
pear or events work. Each involves *wj or 
mor^ concepts and some 5pu,i(ied relation- 
ships between the events or objects observed. 
Prindpks sometimes are expressed u math- 
ematical formulas, but in the real workl, all 
events or objects behave in ways beyond that 
speafied by formulas, at Ici^ m extreme 
cases. 

Examptr Oas volume a proportional to pretture, 
under lUMdud oondmom 



Concepts: These are perceived regularities in 
events or objects, or records of events or ob> 
jccts, designated by a label. What we perceive 
depeiids upon the concepts, pnnciples, and 
theories we hdd for given events or objects, as 
well as upon the validity of our records 

Example ConoepU of Sb'^b, liquidt, and gaies are 
bavd upon oar prinaplc* of iiomic/molecular airuc- 
ture and relationthip between lemperature and stales 
of matter 



Value Claims These designate the value or 
worth of new knowledge Worth can derive 
from improvement of human lives or power 
for advancing new inquiries and new learning 
Example Undentaadim the relalioaship between 
force, roasi, weigbt, and quamity has many oserul 
applicaiioiift. 



Knowledge Claims. These describe the regu- 
larities and/or relationships we see in records 
or transformed records of events or objects 
They are also hypotheses before the inquiry 
which may be supported or negated with the 
data obtained Knowledge claims re the basis 
for proposing new or modified concepts, prin- 
ciples, or on rare occasions, theories. 
Europlc In spite of change m form of matter, mass 



Transformations. These are the ways we oiya- 
nize or process our records to assist us in 
making knowledge and/or value claims about 
phenomena studied. Oxicepts. principles, and 
theories guide our decisions u to the most 
productive way to organize or transform our 
records. Transformed records are also called 
data 

Example Computation of ratios of mass are re- 
corded before and after physical or chemical changes 
in rabstancea 

H 

Records These are the observations we make 
of events or objects, either directly with our 
senses or by usmg instruments Sometimes 
records are called raw dau. Good records are 
facts or valid indicators of what we are observ- 
ing Faulty records can lead to faulty knowl- 
edge or value claims Understanding our 
record-making tools can involve concepts, 
principles, and theories relating to our instru- 
ment Measures can be faulty, if the latter are 
faultv 

Example A poor balance can give faulty measure* 
ments or weights before and after a change in maten- 
als IS observed 



I 

Events or Objects the objects or events we choose 
to study Our purpose is to understand better how 
and why they appear or behave as they do 

Example Ice. water, and salt arc weighed m vanous 
conditions 



Ten elements involved in the construction of knowledge. Each element interacts with every 
other element in the process of knowledge construction. An inquiry could begin with any 
element on the Vee, although most school science tends to begin with record making and 
questions. Specific recognition of concepts, principles, theories, and philosophy guiding the 
inquiry is usually absent. 
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Figure 3 
Focus Questions 

JkM Uk prooea of dnnlvific. meltiitt, miuQ|. or fcnenting of |aiet chaaie the mats of the matenab bang deah with** 

S SukMdi 



A 

miotapky 

The aocicty ihat «ve live la if KietittfkaUy and tech- 
nologically oriented We depend on icicncc lo give us 
amwen to pjoM c ma that face ovr nciety 

la March for a cure for cancer the fcientisu are 
expected to find a 'aire Many societies do not feel 
this way They may fed that people die or get tick 
e of the fate of the gods 

D Lanson 

i 

Thrones 



Particle Theory 
Kinetic Theory 



M Hylw 



C 

hiitaples 

1 ) 9S peroein of gaaea are empty space 

2) Gaies, liquids, and solids arc mad' o* particles 

3) Heat a paitide motion 

4) Gates, liqiiidi. ind solids expand when heated 

5) Particles move in random diiections 

6) Liquids have less empty space than gases 

7) The tnple beam balance is acoinite to ■*■/- 3 g 

K Kirby 

D 

Concrpt 





balance 


ice 


melting 


water 


9S percent 


salt 


yellow 


white 


clear 


tablet 


contiiner 


shaking 


warm 


motion 


SOlKk 


liquids 


expansion 


particles 


empty spice 


mix 


pour 


collisiom 


air 


escape 


ditadve 


sotutioftt A*B 


bobbies 


volume 


mass 



The concept of mats was mventcd because gravity 
changes the weight of an object, gravity cannot 
change the mats of the object The concept of matt 
depends on the partidet in the obiject The moie parti- 
cles, or the bigger the particles, will have an outcome 
on the mats. 

K Kirby 
S Szabadi 



Knomfledge Clmms 

The matt does not change if the stuff is dissolved, 
mixed, melted, or gas it generated 

J Smith 



TransfomatioKt 


LAB 


Kirby Matt 


June Oaks 


Ice 


•1 2g + 5g 


+ 5 3f -Ig 


Sail 


-/+0| +41 2g 
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after 
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J Smith 



Evtttts 6 



i ObjecTS 



Objects 

Ice cubes, oonuiners. salt. AAB solutions. 
Selt»r^^. balance, and water 



Lab I) Weigh the salt and water with oonuinen Mix salt 

and water and reweigh 
Lab 2) Weigh ice and conuiner Melt ice with hands and 

reweij*h 

Ltb 3) Weigh solutions A*B together, but in separate 
co4Uinen Mix the two and reweigh 

Lab 4) Weigh water in conuiner and tablet in cap Put 
tablet in container, shake, and reweigh 

M Hylwa 



A Vee diagram constructed by students in an eighth grade general science laboratory dealing 
with states of matter. 
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science and technology has shown is that there are intimate relationships 
between efforts in the discovery of new knowledge and the creation of new 
technology. One of the most dramatic efforts in progress now is the work to 
understand superconductivity, the hoped-for product being materials, effec- 
tive at or near room temperature, which can transmit long-distance power 
and huge magnetic forces with minimal electrical energy. And, in biology, 
our efforts to understand the nature of genetic material and control of 
biological processes is leading to the rapidly growing field of biotechnology. 
In the effort to understand the creation of this technology and in the deci- 
sions that derive from its application, the Vce heuristic can be a valuable 
tool. 

Gowin and I have found resistance to the use of the Vce on the part of both 
students and teachers, especially older students. The fragile, tentative, and 
fluid nature of the claims made for knowledge derived through the Vce is 
unsettling to both teachers and students who have spent years seeking the 
"right" answers. We have found a negative relationship between the extent 
to which teachers or students are committed to rote learning and their 
acceptance of the Vec heuristic; the reverse, fortunately, is also true. 

There arc numerous courses in "study skills" or "thinking skills" promul- 
gated in schools today, but many of these are predominantly techniques to 
accelerate rote learning. Unfortunately, memorized material, unless repeat- 
edly rehearsed, is soon forgotten, with or without the use of study skills. Test 
scores may improve briefly, but the individual's capacity to understand and 
control the subject matter does not occur through the aid of study skills 
alone. That is, problem-solving abilities are not advanced through rote learn- 
ing; in fact, the very nature of problem solving demands a flexible approach 
tn critical thinking. In today's climate of -accountability"— with student 
"progress" mostly appraised by multiple-choice tests of dubious validity- 
training in study skills may show striking short-term benefits. This can mean 
that work in study skills can divert efforts away from more powerful learning 
strategies. Some schools spend so much time teaching "thinking skills" that 
they curtail instruction in the basic concepts and the cc ♦ent necessary to 
form them. Concept mapping and Vce diagraming are usefu! only in con- 
Junction with instruction in subject matter and thus complement rather than 
compete with school instructional time in teaching science or any other 
subject matter. 



New Methods in the Education of Teachers 

It should be evident from the above that there should no longer be a debate 
about the extent of emphasis on teaching the content of science vs. teaching 
the processes of science. If a constructivist perspective guides our work, and 
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especially if we use compatible metacQgnitive tools, there is no reasonable 
way to teach the processes of science without simultaneously teaching its 
concepts and principles, which are part and parcel of the strategies of 
instruction described here. Conversely, any attempt to teach the content of 
science that does not consider its complex ""conceptual web," its evolving 
nature, is destined to failure, provided that our objective is meaningful, 
rather than verbatim, rote learning. Constructivist teaching, rooted in psy- 
chology, is mutually supportive of and necessary for constructivist teaching, 
rooted in epistemology. In this case, one hand washes the other (Novak, 
1987. July). 

The danger lies in instruction or education of teachers that ignores or 
contradicts this symbiosis. And this is where we science educators face our 
greatest challenge in most college and university science teaching as it exists 
today. Most postsecondary science courses encourage or require rote learn- 
ing by the ways they test students* memorization of myriads of details with 
little or no emphasis on the major concepts and evolving character of knowl- 
edge in the field. How, then, do we break the cycle? How do teachers avoid 
the trap of teaching as they were taught? 

There are encouraging developments in both preservice and inservice 
teacher education. In England, at the University of Leeds, Rosalind Driver 
and her colleagues are teaching teachers modes of interviewing students; 
teachers are learning particularly to identify their students' valid and invalid 
conceptions (or "'alternative conceptual frameworks*'). Similar work is being 
done in Israel, Canada, and the U.S. At the University of British Columbia, 
the University of Kansas, and other colleges and universities in the U.S., 
prospective science teachers are also learning to use metacQgnitive tools. 
There is much ferment and excitement in many countries among those who 
educate science teachers: A woridwide revolution of a bort is in progress. 

In 1987 at Cornell University, we began again the education of science 
and mathematics teachers. New colleagues committed to constructivist 
ideas and involved in classroom-based research are at the heait of our 
program. We are making a major effort to recruit outstanding students into a 
five-year Master of Arts in Teaching program, beginning in the junior year. 
Ideally, we should like to begin with freshmen, but few students come to 
Cornell to become science teachers. There is a pool of second-semester 
sophomores, however, who want to do something useful with their lives and 
who are talented, committed, and, often, frustrated with the memorization 
requirements that characterize many courses populated by premedical 
students. These are the candidates we are seeking. They will be offered a six- 
semester seminar/practicum program, learning early on to ""reconceptu- 
alize" the subject matter of science courses they are taking; they will be 
encouraged to learn through the modes I have described, rather than by rote, 
even if their work leads to a grade of B or B+ rather than A. (Too many tests 



Gifted Young in Science: Potential Through Performance 



require verbatim answers, and students who synthesize their own answers are 
often penalized.) These students will have the opportunity to interview fellow 
university students, high school pupils, professors, and schoolteachers in 
order to understand the rich and varied conceptual frameworks that each 
brings to new learning events. These science teachers of tomorrow will study 
and reflect upon the complex social milieu (Schwab's fourth **common- 
place*' of education [1973]) and will try to understand the interplay between 
student, school, home, and conununity that shapes the conceptual frame- 
works, the attitudes, even the nature of studenu* ways of learning. These 
science education students will have early and repeated opportunities to 
intervene in the education of children, first as tutors or members of a team 
and later as "teachers** in charge of classes at collaborating schools. 

Will this kind of preparation produce better science teachers? Will it make 
a difference in the students* achievement, their self-esteem, and their under- 
standing of science--difrerenccs that will be felt when they go out into the 
schools to teach? Will it help our teachers unleash the enormous potentials of 
gifted students? We hope so. We plan to conduct an intensive ongoing 
program of evaluation to assess both the strengths ar ^^eaknesses of this 
new program — and to build upon the former and amcuurate the latter. Ours 
is but one effort to achieve the goals presented in this book. 

We are optimistic. 
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Gifted Science Student 
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How should educators best serve gifted science students? We want to accel- 
erate their learning, to enrich their experiences, and to broaden their think- 
ing and skills. We want to push them to be the best they can academically 
and to integrate them into their peer group so that they are accepted and 
appreciated. Understanding how gifted students in science interact with 
each other and with the broader student population can lead to improved 
learning environments for all students. 

Students interact with each other in three fundamental patterns: They 
compete to sec who is best; they work alone toward set criteria without 
competing with each other, or they work together cooperatively, concerned 
about each others* learning as well as their own. In American classrooms, 
most students, but especially gifted ones, tend to compete with each other, to 
try to do better than the other students in the class. Traditional practices of 
grading on the curve, eliminating student-to-student talk during class time, 
requiring individual work, and seating students in rows that focus on the 
teacher have given students the message that they should not talk among 
themselves, and, if they want to do well, they would be well advised to 
surpass their classmates to reach the 'Hop" of their class. 

Given this situation, it is fascinating — and depressing — to realize that 
research or how people best learn indicates that isolation and cotr.petition 
create much less effective learning environments than cooperation, where 
students work together to help each other understand and learn. The practice 
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of cooperating while learning, although not encouraged over the last 40 years 
in most schools, is an dd idea and probably dates back to learning in the 
family settings of our ancestors. In more recent times, the helping environ- 
ments of our "one-room s^hoolhouses** popularized by Francis Parker in the 
early 1800s were approved and afiinned by the philosophy of John Dewey. 
The importance of a supportive social environment for learning has also been 
recognized by many who have studied learning. Biirbel Inhelder and Jean 
Piagetf for example, listed social transmission as a requirement for cognitive 
growth and believed in social cooperation as an active part of learning. 
Extensive research on student-to-student interaction dating back into the 
ISOOs validates cooperatkve learning and suggests that, for optimum learn- 
ing, students need to care about each others' progress, talk with each other 
about the material, and learn together for much of the time. 

Cooperative learning is also a much more realistic way of learning sciuiv^ 
if one looks at how scientists tend to work. It is somewhat unusual to find 
single-authored research reports in science because so many scientists find it 
productive to work in research teams, which in some cases are made up of 
individuals not only coining from several different countries but also contrib- 
uting many diverse skills. In addition, we have been told several times by 
members of the business community that of major concern in hiring engi- 
neers is not only technical competence but also the candidate's ability to 
work effectively as part of a project team. Almost everything a business does 
has to be interdependent to be successful, and a large share of an engineer's 
contribution is in the context of a cooperative effort. 



What We Already Know 

Much research on student-to-student interaction has a direct bearing on 
science instructioa Several fairly recent reviews (Deutsch, 1962; Johnson 
and Johnson, 1982, 1983; Sharan, 1980; Slavin, 1977) and two meta-analyses 
(Johnson, Johnson, and Maruyama, 1983; Johnson, Maruyama, Johnson, 
Nelson, and Skon, 1981) sunmiarize this research. These studies suggest the 
following four advantages of such learning methods. 

1. Cooperative learning experiences promote more learning and more 
retention than competitive or individualistic learning experiences. When 
students talk through what they are learning with each other, they not only 
learn more and remember it better than they do through other approaches, 
but they are also more likely to develop a strategy or procedure for learning. 
While the greatest gain in achievement is in the lower third of the class, 
achievement goes up for middle- and high-ability students as well. Interac- 
tion within a heterogeneous group provides an area for the gifted students to 
explain why they think the way they do and how they arrived at the answer. 



ERLC 



3 (7 322 



Programs 

This not only deepens understanding of the niaterial but also encourages the 
awareness and development of strategies for doing this kind of assignment. 
Several studies suggest that gifted science students were able to arrive at 
reasonable answers working alone but were unable to explain how they did 
so. Under the cocperative experimental conditions, most of the students in 
the group knew the an&wer and had a conscious strategy for finding it. 
Students learn material better when they have to explain it to others and 
often find their methods becoming explicit when it is necessary to communi- 
cate to someone else how to do the problem. 

2. The more difficult the material, the wider the gap in achievement 
favoring cooperative over competitive or individualistic learning. Cooper- 
ative learning groups are at their best when the task requires problem 
solving, decision making, conceptual learning, or divergent thinking. Thus, 
the kiiids of learning we want gifted science students to master are appropri- 
ate in heterogeneous, cooperative learning groups. 

3. Ox>perative learning experiences tend to create higher levels of self- 
esteem and healthier processes for achieving a sense of self-worth than do 
competitive or individualistic experiences. In addition, students are positive 
about learning in cooperative groups and enjoy the peer support and the 
opportunity to celebrate successes as a group. It is important that gifted 
science students succeed and thus are encouraged to extend their work in 
science. 

4. Acceptance of differences, which comes with successful cooperative 
experiences, is important to gifted science students. It is ironic that, at the 
same time we are working to integrate students with diverse ethnic, racial, 
and economic backgrounds and trying to destroy barriers against female 
science students or children with handicaps, some are suggesting isolation of 
the gifted. While there are without a doubt some excellent pull-out experi- 
ences for gifted science students, we must strive to integrate gifted science 
students with their broader peer group. Like all students, the girted want to 
be popular and to be accepted. This is not accomplished simply by placing 
high, middle, and struggling students together in the same science class- 
room. There needs to be heterogeneous, cooperative interaction. 

In predominantly competitive classrooms, wise students learn to avoid two 
situations if they can: always losing and always winning. Both high- and low- 
ability . idents can be stereotyped and isolated by competition. Think of the 
difference for gifted science students between competitive classrooms, 
where they might be resented because they make other students feel inferior, 
and cooperative classrooms, where gifted students can benefit everyone. 
Gifted students do not become isolated by choice; almost everyone would 
rather be part of a supportive, productive group than be a loner. In science in 
particular, gifted isolat'^s would have extreme difficulty working on today's 
project-oriented research and technology teams. 
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The important finding that stands out in reviewing the extensive research 
about student-to4tudent interaction is its consistency in supporting coopera- 
tion. More than 500 studies spanning eight decades examine a wide range of 
academic and nonacademic tasks with positive outcomes in terms of achieve- 
ment, self-esteem, attitudes toward subject matter, motivation, mental 
health, and a host of other factors. The research also covers a wide range of 
age levels. We recently pulled out 133 studies that focused on adult (post- 
high school) learning and found consistent support for cooperative interac- 
tion. We use the same predominantly cooperative approach in the honors 
class we teach at the University of Minnesota as do the elementary and 
secondary schoolteachers with whom we woit in classrooms across the coun- 
try. Increasingly, we arc encouraging professors in higher education to pro- 
vide a more active, cooperative learning environment for adults. 



What Does It Mean? 

For these and many other reasons, the research reports on student-to^tudent 
interaction suggest directions for wc;kuig with gifted science students. Such 
individuals wwldng in hefi-'^eneous, cooperative groups achieve as f/ell as 
or better than they do working individualistically or competitively. Studies of 
students grouped homogeneously in cooperative groups seem to indicate that 
loss of heterogwntity takes something important away from gifted students 
as well as from less able ones. A richness results when students come from 
different perspectives and backgrounds. Often groups of gifted students 
working together come to agreement too quickly and don't dig as deeply into 
the material as they do m more diverse groups. 

However, in spite of their strengths, cooperative learning groups arc not 
appropriate all of the time. The teacher still teaches, and students still listen, 
read, and think independently. The cooperative interaction is at its best when 
new information needs to be processed cQgnitively and examined critically 
Certainly, somc time to work individually and maybe even some carefully 
structurco, !< v-Hcy competition is also part of a flexible learning environ- 
ment. One oi uc best mtegrations of individualistic and cooperative work 
happens when students are assigned different parts of a task and required to 
bring their contributions together and synthesize them so that each group 
member sees the whole picture. It is also important to keep in mind that the 
cooperative learning group, made up of individuals, has as its goal that each 
member understand the material and contribute. Each student, bringing 
individual talents and perspectives, is accountable in the cooperative learn- 
ing experience and therefv^re leaves the group stronger. That's why learning 
groups are formed— to strengthen individuals' qualities such as achieve- 
ment, self-esteem, leadership skills, and positive attitudes. 
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The classroom where students arc learning to work in all three interaction 
patterns would be ioeal. The crx)pcrative umbrella is important in that it 
creates the environment where gifted science students, in fact all students, 
are at their best, learning as much as possible and acquiring the skills needed 
to work in the real-world settings of research and project teams. 

From the research m student to-student interaction, several suggestions to 
science educators seem clear: First, teachers should give gifted science 
students structured, cooperative learning experiences in heterogeneous 
settings, so other students perceive them as real people— assets to their 
groups and the class — not as stereotypical superachievers. (This is not to 
derogate the real-world setting where some scientists prefer to work as 
isolates, knowing full well that their work eventually demands communica- 
tion in writing or reporting to their peers.) Second, teachers snould recognize 
that cooperative experiences in mixed groups not only tend to raise the 
cognitive level upon which talented students and their classmates understand 
the material but also will help them develop collaborative skills in communi- 
cation. 

Finally, teachers should provkle structured experiences with appropriate 
competitive and individualistic learning and research opportunities so that 
both gifted science students and others develop the skills to work in all three 
interaction patterns successfully. (Both competitive and individualistic ex- 
periences tend to be more effective when they occur under an umbrella of 
cooperation.) 



What Are Cooperative Learning Groups? 

There is a considerable difference between just putting students together to 
do a lab and structiidng cooperative work. In cooperative relationships, the 
group members share a clear group goal that binds them together. An 
individual student in a cooperative learning group can achieve \\,^ goal only 
if the other m.embers also achieve it. This sink-or-s\vim together motivation 
encourages members to seek outcomes beneficial to all. But four students 
workmg iiidividually at the same lab table, sharing equipment, and talking to 
each other do not necessarily form a cooperative group. A clear, positive 
interdependence needs to be present where students considering the problem 
being studied understand that they all have the opportunity to reach an 
appropriate concluston. if there is one, and that each must be able to explain 
the finding to each other and to the class. 

Specific strategies for structuring appropriate cooperative interaction and 
teaching cooperative skills xtt described in Circles of Learning (Johnson, 
Johnson, and Holubec. 1 ? j4) and in Learning Together and Alone: Cooper- 
ative, Competitive, and Individualistic Learning (Johnson and Johnson, 



Gifked Young in Science: Potential Through Performance 



1987). Hve basic aspects of cooperative learning distinguish it from simply 
placing students in groups: 

1 . Students are structured into small, heterogeneous groups of two to four 
to work through an assignment together, sharing ideas and working as a 
group for the best possible solutions. The students gain further understand* 
ing of the problem as they work and stay on task. It is important that 
classnxHn tasks start in small groups not only to give each student more 
opportunity to talk (and, therefore, to learn the material better), but also 
because it is easier for roost students to share their ideas in a 3-somc than a 
304ome. The ensuing class discussion is widespread and inclined to be more 
thoughtful, if it is first "'practiced'* in a small cooperative group. 

2. Students should have a strong sense of interdependence, share and 
work toward a mutual goal, and receive rewards only if the group is success- 
ful. For example, one physics teacher structures all of his quizzes coopera- 
tively Groups of three study together for a quiz that is taken individually. 
Each student gets a base score on the quiz, but if everyone in the group meets 
the teacher's mastery criteria (above 80 percent correct), tnen each group 
member gets five bonus points. While bonus points usually do not seriously 
affect the base score, they give students a chance to celebrate the group's 
success and reinforce the goal that everyone master the material. This same 
teacher emphasizes cooperation even further by awarding 10 bonus points to 
each student if everyone in the class achieves the mastery criteria on any 
quiz. One benefit of the bom'«s-point group reward is that, without penalizing 
the high-scoring student who has already done well on the individual quiz, it 
provides an incentive for all students to help each other. 

3. Each group member feels a strong sense of individual accountability, a 
conviction that each needs to know the material and be able to explain it. 
One method for checking individual accountability is to have the teacher 
move from group to group, occasionally selecting one student to explain his 
or her work without help from the others. If the studem has difficulty 
explaining, the teacher lets all group members know they are not finished 
until everyone understands and can explain the problem and the solution at 
hand. Through these individual oral exams, students realize that it is danger- 
ous to try to "hitchhike," and that it is important that students recognize the 
contributioiis of each group member. 

4. The instructor monitors the work of the groups, sometimes using a 
systematic observation sheet to record specific behaviors, sometimes actively 
listening and noting both how the group is functioning interpersonally and 
how the students are progressing on the task academically. 

5. Groups evaluate how well they are working together in completing the 
instructional tasks. This group processing needs to be done in a way that goes 
beyond a quick, superficial evaluation of the group's work. One specific way 
to structure the processing so that stulents go into some depth is to have 
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students rate themselves on a scale of 1 to 10 on how actively they partici- 
pated, how well they listened to each other, or how well they supported e^ch 
others* ideas. After they choose a number for themselves (1 meaning not at 
all and 10 meaning extremely well), they share their numbers and explain 
their ratings. 



Some Examples of Cooperative Leaming Groups 

Heterogeneous cooperative leaming groups would be workable problem- 
solving situations in the classroom or laboratory. Teachers could follow some 
of these procedures: 

• Form small, heterogeneous groups of two or three by counting off ran- 
domly or by structuring the groups to include the desired differences in 
gender, ability, ethnic background, and so forth. 

• Give each group a single lab sheet and set of equipment and instruct the 
groups to work toward a process, concept, or finding that each member could 
defend. Endorsements mean that each student could represent the group in 
explaining why a given finding is appropriate. 

• Let the students know that all group members are obliged to share their 
ideas, actively listen to each other, use quiet voices, stay with their group, 
and work to make their joint report as accurate as possible. Monitor each 
group's work and occasionally select one member to represent the group by 
explaining the last step of the lab or the finding. 

• Select one or two behaviors to monitor with care and at intervals systemati- 
cally collect data from among the groups when you see or hear that behavior. 
Focus, perhaps, on the gifted students only during one of these sessions to see 
what roles they take in heterogeneous groups and what interactive skills they 
exhibit — or need help with. 

• Give each group five minutes or so at the end of class to determine how 
well the members worked cooperatively. Make surv they have enough struc- 
ture to make t^ts processing real, perhaps asking for a written summary on 
the lab sheet signed by all group men^bers. Give your own feedback on the 
targeted behaviors at this time. 

Another way of getting started with cooperative leaming groups is to 
structure cooperation around a key lecture, film, or speaker in one or all of 
the following ways: 

• Form small, heterogeneous groups of three before the lecture or film and 
ask the students to formulate a question that they think will be central to the 
process, concept, or finding being presented. Give the groups three or four 
minutes to speculate and focus on the material. 

• Stop periodically during the lecture or film (every 12 to 15 minutes^ and 
ask the students to check the understanding of each group member on 
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specific concepts or processes. These short discussion breaks not only involve 
students actively but also renew their interest. 

• At the end of the lecture or film, give to the group members to do together 
a specific task that extends or applies the information they received. For 
example, ask them to list the key messages, choose the most important three, 
and put them in order of rank. When all members have agreed on the 
sequence, have them sign their report. 



In Brief 

Teachers and parents all science students, including gifted one?, share 
three major concerns: Are the children learning as well as they can? Are they 
integrated into their peer group, accepted and appreciated by other stu- 
dents? Will what they are learning contribute to their success after school is 
finished? One of the key messages from the student-tMtudent interaction 
rcsearoh is that gifted students in science classes learn more, are happier, 
and are mote accepted by peers, if a good part of their learning occurs in 
heterogeneous, cooperative settings. When students challenge each otiier, 
require verbal explanation from one another, and give each other peer 
support, the learning experience deepens. 

From the research also comes the message that it seems unnecessary to 
isolate gifted science students from their broader peer group, even though 
s-wie key reiourccs in pull-out programs may be especially effective for the 
gifted. However, it is vital for gifted students to maintain positive contact 
witii the other students in science, so ihsu the former can work from a broad 
base of support, be accepted and appreciated by peers, and develop the key 
collaborative skills that come from working in a heterogeneous group setting. 

After school days are over, the leadership skiUs gained in working in the 
cooperative groups may be as important as the science learned. In addition, 
all children orofit from working with gifted students and vice versa. Both 
groups deserve a chance to interact cooperatively. 
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Necessary Writing in the 
Sciences 



Robert A. Day 



It has been said many times; A scientific experiment is not complete until the 
results have been published. Thus, to "do** science, one must also '^vrite** 
science. And good science students, those who are likely to mature into good 
scientists, learn that the writing is as important as the doing. They learn to 
weigh their words as carefully as they weigh their reagents. 

Thus, writing by scientists is ''necessary.** True, scholars in all fields must 
"publish or perish** and therefore must engage in necessary writing. How- 
ever, science has developed a unique style of communicating resea^pb re- 
sults. New research results are presented in a rigid but highly logical format. 
In fact, this style of writing has become so successful in the past 50 years or 
so that it is no longer unique to the sciences; increasingly, this IMRAD 
format (Introduction, Methods, Results, and Discussion) is being used by 
professionals in many fields. 



''Necessary*' Definition 

At the outset, it is important to distinguish between ''scientific writing** and 
''science writing.** These terms are often (and confusingly) used synony- 
mously. In my opinion, scientific wiriting is the term for the "necessary** 
writing of the research scientists, that is, the description of the results of 
experiments. Scientific writing can be defined as the communication of 
research results from research scientists within a particular discipline to 
other scientists within that same discipline. The writer of a scientific paper is 
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a scientist The reader of a scienUfic paper is a scientist. The style and 
organization of scienUfic papers have been prescribed in a number of man- 
uals (CouncU of Biology Editors [CBEJ Style Manual Committee, 1 983) and 
books (e.g., Day, 1988). In fact, a starvJard has been published prescribing 
the format of scientific papers (American NaUonal Standards Institute, Inc., 

Science writing, on the other hand, is writing about science. The author 
may be a scientist, but in this instance the author is writing for a gemral 
audience. By "general," I mean an audience other than the author's profcs 
sional peers. Perhaps this distinction can be best understood in terms of 
audience analysis. The audience for scientific writing is very small and is 
essentially limited to those .*-cientists working in the same subdiscipline as the 
author. The audience fov science writing is much broader and includes 
scientists from many dwciplines, students of the sciences, and the public 
interested in the sciences. 



Science Writing 

This paper concerns scientific ("necessary") writing, rather than science 
writing. Howaver, I offer an immediate caveat: Science writing is by no 
means "unnecessary" and is in no way inferior to scientific writing. It simply 
has a different form (usually books rather than journal articles), purpose, 
and audience. 

Certainly, serious teachers should read and encourage their students to 
read at least some of the truly excellcm books about science. One thinks 
umncJlately of the wide-ranging essays of Lewis Thomas ( 1975, 1979) and 
Car) Sagan (1977, 1979). The books and reviews by Stephen Jay Gould 
(1983, 1987) recommend themselves to anyone with an inquiring mind. 
Many students would be turned on (and some would be turned off) by the 
impulsive enthusiasm expressed by James Watson in The Double Helix 
( 1968). And what better way is there to learn about the fascinating history of 
science than by reading the biographies and autobiographies of famous 
scientists? Among my favorites are Ren6 Dubos' Ufe of Pasteur (1958), 
Hans Zinsser's As I Remember Him (1940), and S. E. Luria's A Slot 
Machine. A Broken Test Tube (1984). 

All serious students in the sciences can enjoy the rich literature about 
science. Some students may want to go on to establish a career in science 
wnUng. Fortunately, our increasingly technological society has an increasing 
need for science communicators. In journalism, in business, in government, 
and in academe, people skiUed in communicating scienUfic materials are' 
needed. A useful book for anyone imerested in this burgeoning field is 
Barbara Gastel's Presenting Science to the Public ( 1983). 
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Scientific Writing 

Scientific writing, that is, ''the first publication of original research results" 
(Day, 19Hg), isnow an extremely rigid style of communication, Some scien- 
tists comptain nbout this rigidity and the resulting ''dullness" of scientific 
papers. Most scientists, however, especially after extensive experience, agree 
that this rigid yet logical system of writing makes it relatively easy for 
authors to write their papers, for referees and editors to review them, and for 
readers to read them, 

This rigid style of "necessary" writing is still relatively new. Perhaps that 
explains why the principles of "necessary" writing are not yet taught in our 
schools. Few colleges and universities, and even fewer secondary schools, 
teach courses that explain and define modem scientific writing. 

But the principles of "necessary" writing can be taught, and they should 
be taught, even if they were lised only in the sciences. However, this new 
method of communicating information has already spread to engineering 
and several of the social sciences and now has its adherents even in the arts 
and humanities. 

To start, and this could be done in the secondary schools, laboratory 
science courses could require that laboratory reports be written in the format 
of scientific papers. Students could be taught the logic of separating prob- 
lems, methods, facts, and conclusions, if such students go on to become 
scientists, they will be t>fr to a good start. If they go on into any other 
professional field, they will ha.e learned a system of logical thinking and 
writing that will often be of use. 

Signals and Communication 

I suppose we have all heard this question: "If a tree falls in a forest, and there 
is no one there to hear it, does it make a sound?" The answer is no. Dictio- 
naries confirm this answer. For example, Webster's Ninth New Collegiate 
Dictionary gives as the first two definitions of "sound": "1 a* the sensation 
perceived by the sense of hearing b: a particular auditory impression." Sound 
is more than "pressure waves," and indeed there can be no sound without a 
hearer. 

Thus, "conununication" is a two-way process. A signal of any kind is 
useless unless it is both received and understood by its intended audience. If 
we keep this definition in mind, it will guide us to effective w^ys to write, to 
edit, and to publish the literature of science. 

Historical Background 

Because the means of effective written conununication were not yet avail- 
able, early scholars tended to communicate orally. The early Greeks, espe- 
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cially Socrates and his contemporaries, became proficient in speaking eflec- 
ttvely to botti students and peers. That early oral tradition is still strong 
anoong scientists and other scholars today. Conferences, seminars, work- 
shops, national and international congresses, and meetings of all kinds are 
still the most-used form of conununication among scientists. Modem sci- 
ence, however, demands a way of recording, preserving, and retrieving mas- 
sive amounts of information. Thus, science has come to depend upon its 
written records to record its progress. 

The wcHid's fint scientific journals were published in 166S, when, coinci- 
dentally, two journals first appeared— the Journal des Scavans in France 
and the Philosophical Transactions of the Royal Society of London in 
England. These journals were both successful. (Both are still being published 
today.) The "journal" idea spread to Gennany and to many other countries. 
By 17S0, there were about 10 scientific journals in the world, a figure that 
would increase by a factor of 10 during cverv succeeding h'\lf-century (de 
SoUa Price, 1961/1975). In the United States, Ben FranUin was instru- 
mental in establishing the American Philosophical Society in 1743, and the 
Society began publishing its Transactions in 1771. Today, something like 
70,000 scientific and technical journals are being published around the world 
(King, McDonald, and Roderer, 1981). 

The early scientific journals were "letters" journals. This is not surprising, 
inasmuch as scientists, prior to 166S, were forced to communicate by letter 
(and of course orally). Fortunately, the letter format served early science 
very well. Most letters were written in a simple chronological order— First I 
did this, then I did that, etc. — and this style of writing was appropriate for 
the relatively simple observations being made and recorded. In fact, even 
today, this kind of descriptive reporting is still much used in science; most 
clinical case reports and most geological field studies, for example, are 
written in this clear, straightforward, chronological way. 



Writing Gets Organized 

The modem scientific paper began to take shape during the last half of the 
last century. Perhaps much of the credit should go to those great experimen- 
talists, Robert Koch and Louis Pasteur. "Koch's Postulates" were important 
not only in demonstrating the germ theory of disease but also in establishing 
reproducibility as an essential element of scientific research. Pasteur also 
gets credit for laying much of the groundwork for modem microbiology and 
biochemistry, while at the same time pointing to a new way of writing 
science. In order to defend his work against its many detractors, Pasteur 
described his experiments in exquisite detail. Thus was bom the "Methods" 
section of the modem research paper. To contend with the long-held and 
passionately defended theory of spontaneous generation, Pasteur not only 
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developed pumculture techniques, but also described them so carefully that 
any reasonably careful peer could reproduce his experiments. Thus, Pasteur 
showed the practical need for a segregated methods section in a scientific 
paper, and he confirmed that reproducibilitv of exp%!riments is essential to 
the conduct (rf* science. 

Pfesteur*! nmk did indeed administer the coup de grice to the theory of 
spontaneous generation. And his work, combined with that of his contempo- 
rary, Charles Darwin, made it possible to define life in scientific terms. As 
succeeding scientists accepted these new principles, the end of serious belief 
in magic and religious superstition seemed to be at hand. In our day, how- 
ever, uiillions of people continue to believe in such unscientific notions as 
astrology and *^8cientific creationism.'' 

In the fint half of this century, modem science and the recording of 
modem science became increasingly sophisticated. In medicine, especially, a 
remarkalitc revolution occurred. Our understanding of infectious disease, 
now that the germ theory of disease was in place thanks to Koch and Pasteur, 
grew dramatically. The work of Paul Ehrlich in the early 1900s (Salvarsan) 
was followed by that of Gerhard Domagk in the 1930s (sulfa drugs), in- 
troducing what came to be known as the miracle drugs. Then, during World 
War II, came penicillin (originally discovered in 1929 by Alexander 
Fleming) and, a few years lafr.. streptomycin, the tetracyclines, and others. 
The great killers of the past — ^tuberculosis septicemia, diphtheria, typhoid, 
and the plagues — could now be control u. 

The fantastically good news that was coming out of ou . medical research 
laboratories during and af:« r World War II made it attractive ' ' crease our 
investment in research and development. This positive spur to research was 
soon joined by a negative one when the Soviets flew Sputnik around the earth 
in 1957. U.S. politicians, obsessed with fear that the Soviets would get ahead 
of us, began to throw money at the science establishment as never before. 

Today's Scientific Writing 

Money paid for research. Research produced papers. Mountains of them. 
The result was powerful pressure on the journals. Journal editors, in self- 
defense if for no other reas , began to demand that manuscripts be reason- 
ably written and organized. The system of organization that had been slowly 
progressing since the latter part of the 1 9th century now came to its simplest 
expression. This system of writing scientific papers became known as 
''IMRAD,** an acronym standing for Introduction, Methods, Results, and 
Discussion. 

This new sv<;tem, now more or less rigidly required by most scientific 
research journals, has a simple logic to it that most scientists (and especially 
editors) have come to appreciate. IMRAD can be defined in question form 
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as follows: What was the question (problem) that was studied? The answer is 
the Introduction. How was the question studied? The answer is given in the 
Methods section of the paper. What were the findings? The answer is the 
Resu' What do these findings mean? The answer is the Discussion. The 
va t miyority of scientific papers being written and published today ai« 
organized in this simple four-part structure. Furthermore, there is general 
agreement regarding the appropriate components of each of the four main 
sections. 

The purpose of the Introduction is to state, with all possible clarity, the 
problem studied. To accomplish this, the problem or question studied must 
be placed within its contextual background. This means that a brief sum- 
mary of what is already known (i.e., a survey of the pertinent literature) is 
usually required. 

The purpose of the Methods section is clear. The author shoukl carefully 
describe the methods and materials used in the experiments, resisting any 
temptation to prematurely mention data (to be reserved for Results) or 
conclusions (to be held for the Discussion). What is mandatory is that the 
Methods be written with such precision and completeness that a competent 
colleague could repeat the e .pcriments and obtain the same or similar 
results. 

The Results section is reserved for the author's own insults. This section is 
often short, even though it provides the new information that is the focal 
point of the whole paper. The Results should not give explanatory preludes 
(properly a part of the Introduction) and should not give conclusions (the 
purpose of the Discussion). 

The Discussion section is the section of a modem research paper that 
tends to be difficult to write. A numbf '^f components are likeh* to be 
necessary, including the following; discussion of acy principles, relationships, 
and generalizations shown by the results; exceptions and unsettled points; 
agreement (or lack thereoQ with previously published work; theoretical and 
practical applications; conclusions; and evidence for each conclusion. 

The simple logic of IMRAD makes it relatively easy for the writer of a 
paper to organize the manuscript. This organization makes it easy for editon 
and referees to evaluate the manuscript. And this rigid system gives the 
reader a road map to follow in digesting the contents of a paper. 

Should the writer have the freedom to add variation and ornamentation to 
the paper, in an attempt to add interest and to avoid dullness? The answer is 
no. "Necessary" writing should not be a literary product. This kind of writing 
is "nccesonry- because it carries a message. The message must be both 
received and understood, or the tree will fall silently in the forest. 

Necessary writing the transmission of a clear signal to a recipient. The 
words of the message should be as clear and simple and well-oidered as 
possible. In necessary writing, there is no room for and no need for the 
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confusion that can be introduced by ornamentation. Literary devices such as 
metaphors, similes, and idiomatic expressions should be used rarely if at all. 

Science is simply too important to be conmiunicated in anything other 
than words with the most precise meaning possible. And that clear, certain 
meaning should be designed not just for the author's peers, but also for 
itudcDts just embarking upon their careers, for scientists reading outside 
their own narrow discipline (and interdisciplinary research is becoming ever- 
more necessary), and especially for those readers (the majority) whose native 
language is other than English. Now that English has clearly become the 
international language of science, we should all do our best to use the 
language effectively and clearly for our common good. 

In ooticlusion, necessary writing is not designed for entertainment. How- 
ever, necessary writing, designed to transnriit information, need not be ugly. 
Necessary writing must be as clear and simple as possible. Plato said it well: 
""Beauty of style and harmony and grace and good rhythm depend on sim- 
plicity." 
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Personal 

Reflections: From 
Gifts to Talents 

The editors invited a number of scientists and science teachers to describe 
briefly— in any literary form that appealed — the event or events that led 
them to their work. While our letter of invitation (reproduced bclc w in the. 
section containing NSTA's exchanges with Isaac Asimov) asked about the 
kinds of environn:enti that inspired choices, most respondents chose not to 
tell us why they became scientists or teachers but how. Of course, one 
moment docs not shape a life. Surely, many, many experiences conspire to 
result in individual choice. The chosen moments, however, are instructive. 
One common thread is gratitude to those whose previous work made later 
discovery possible: to mentors, to colleagues, to students, to parents, to 
friends. All directions are unique. All ofTer promise. 



Gerald Skoog 

Contributing Editor, Part IV 
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Dear Mr. Asimov .... 
Dear NSTA 

Isaac Asimov 

Editor's note: Dr. Asimov chose an q>istolary response to our request. The 
exchange appears below. 

The Invitation 

May IS, 1987: NSTA Association Editor Deborah C. Fort solicited Dr. 
Asimov's ocmtribution. 




Editors 



Contritwtlrtj 
l^tor, 
p»rt IV 



editor 



341 

334 



Gifted Young in Science: Potential Through Performance 



Ambivalence 

May 18» 1987: Dr. Asimov returned his enclosed postcard with this message. 



Dear M$. Fort. 



18 May 1987 



"e is . form letter'sMt 'out' 71!"^'"'" 

is nean, that ?^.^^^°!.^?^•?"- 



— a xurn 

"•ny others, n 
•Iness about it Th^r""" ' ^"^^loUff^ack of oerinn 

is didn't coae through. of 

that I honestw"don'n.?-"' «<> atypical 

« of .ny use t^o other, 'n!!-!''" ^^at I s.y'^i^*^ 
lot unless there i\ llli 11';?*^°" ' "ould rith-.r 
«nt «. If so. do w?Ue S! ! "hy you 

•>ot a fonn, » Personal letter and 



Reinvitation 

May 28, 1987: Dr. Fort repli'4 as follows. 




ERIC 



My 21. mi 

SS^iSi- hvdMan with V^f • "» you prtdict. 

SSS:--""'* M, will tito «~r erunow on your htinj 

Zi^SSty 1 i«* fon«<* to MMJ-Utj fw* vou 
S^«j^2I F»»or»iiy y»tf»' 
tSam u ntoorah Fort 



M»rry 9aM9> 
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Second Attempt 

hut 1, 1987: Dr. Asimov "tried again to explain.' 



'SAACASIMOV 



"«ar Ms, Fort, 

" carefree mo**'^ so,„e eoa? r HiSI orrani -» i 
to ;ne. I an. „ow i eot^hl'J^.I wanteJ 



— "ere is a nyl^^^ 

a child « ^® 
5DM .^'^^ nor yet 



how 

yet a chiirf ' s^i' 

^^^^"•'^ ^' -VrT^^^^^ to f..,. 



, ""'^ numbers < 

> .i..a vanitv." 



343 ^ 



Gifted Young in Science: Potential Through Performance 
ANew Appeal 

Jwe IS, 1987: NSTA Executive Director Bill G. Aldridge joined the cor- 
respcmdenoe. 





J""* t5, 1987 



"iain*. to mL 'rolling for ,or» hin» . ^ ■ 

— 



e««cutiy. Director 

« t>»bOTth fort 



: C 
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Third Try 

J«Bt IS, 1987: Dr. Asimov elaborated further. 



1 ISAAC ASIMOV 



18 June l^*"*^ 



F-M ^-Xlelco Tcnchcrs Association 
National Avenue. 
1742 Connecticut ^^^^^^ 

i nsUinr-ton, "-i - • 

, that vou are beconin. annoyea wit. .e. 
I feel that you ^^^^ 
Aiiw ri.ht. tl^«";„Srin tSe bouse comic 
1 -^V^Jrexi"! "leviston clicln;t exist, .t 

lasn't ""asines in "^^f^e a library 

' ^o^'^^ '^o'^fee. Se bu*py 'parents -ot -ne .^t 
Tar^wbln I "^^^.i^^Pn^Urb^exc^T^t-in a very Pr-it.v. 

rvt'ivlS^n I J^ears^ol J. ,encc fiction 

?,ersuaaea -V^ff^^in forced ny i"«8^/nnci- 



Ana tn when \^^^.-v'canl at 6 is i 
.dentally the 1^1^/ read when i 
I had tmvM myself 



was S.) 



Now what on Tartn po /O X? ^ 

anybody*? 



,od IS ^n^*- 



RJC 
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Gratitude 

Jrfy 6, 1987: Mr. Aldridge began to sum up. 




RiC 
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Finis 

December 16, 1988: But Dr. Asimov had the last word. 



••AACASmov 



iS!,'°^«^ C. Fort 



^ear Ms 




Still in My Dinosaur Phase 



Stephen Jay Gould 



Many scholan can trace their personal roots to a lonely childhood spent 
reading. I was too busy on the local stickball court for such a life. My 
minimal taste in reading ran to the cardboard and inspirational — such fine 
worb as The Utile Engine That Could (I was also small), and Joe 
DiMaggio*s Lucky to Be a Yankee (he was my hero, and I planned to replace 
him in centerfield, until a guy named Mantle came along). My nadir was the 
time I presented an oral book report on Les Misirables, having read only the 
Classic Comics version (I loved the pictures of Jean Valjean in the Paris 
sewers). I was caught because I had no idea of the book's real length— and 
the teacher knew I could not have read it in the time between assignment and 
presentation. 

I don*t mean to exaggerate. I was no wiseacre, or particularly streetwise 
Philistine. I was timid and insecure, but I knew exactly what I wanted to do 
as an adult. I would study dinosaurs, a firm conviction inspired by one 
supreme moment of childhood terror dissipated by fascination — my fint 
look at lyrannosaurus rex in the American Museum of Natural History. 

There is nothing unconunon about childhood passion for dinosaurs; pa- 
lemtology is but one stage in the standard sequence of pirate, policeman, 
rireman--8omething to pass through, and then move onward. The rarity is 
persistence into adulthood of a permanent childlike pleasure. 

I don*t know what diverts dinosaur fanatics. For most, I suppose, the world 
is simply too full of wonderful things to permit a long dalliance with any 
particuhir obsession. But for me and others more awestruck, intent, and 
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committed, the main barrier to persistence must be absence of a larger 
context to absorb a purely visceral fascination. Dinosaurs may be "big, 
fierce, and extinct"— the reasons cited by my colleague, the psychologist 
Sheldon White, for their appeal to children. But these features are not the 
stuff of permanent commitment. The Empire State Building is big, and 
Rambo is both fierce and ought to be extinct. The promotion of dinosaur 
mania to a career demands a matrix of ideas to absorb and channel that 
primal phencMnenological oomph. 

For me, a single book supplied that matrix— and also taught mc the depth 
and value of "grown-up" documents. My parents belonged to a book club 
and forgot, one month, to mail back the * Ve don't want anything" card. One 
day, G. G. Simpson's Meaning of Evoiution (first published in 1949, avail- 
able today in a Yale University Press paperback edition, and still among the 
best general works on the subject) arrived in the mail. I knew nothing of 
evolution, but the cover sported tiny pictures of dinosaurs— just a little 
friezelike design in the spandrels around the title. 

Earlier this year, the Dino-Store opened a few blocks from my home in 
Cambridge, Massachusetts — an entire emporium devo ;d to the reptilian 
paraphernalia of kiddie culture. But in 1951, 1 had only Alley Oop and Roy 
Chapman Andrews's Ail About Dinosaurs (s'ready well digested)— so even 
a little cover design drew me within like a magnet. (In my grujipy Miniver 
Chccvy nuxxis, i sometimes think you can have too much of a good thing — 
and leave no room for a child's imagination.) 

So I read Simpson/aur^ de mieux. And I discovered, via the best route of 
utteriy unanticipated delight, tliat a fabric of ideas united me, and all of life, 
with dinosaurs. I grasped the concept of genealogical connection and trans- 
mutation—the two basic facts of evolution. More import^^nt y, I peered (very 
darkly through a glass of childhood ignorance) at the Tosdnation of what 
science, as a way of knowing, tried to do to pierce beyond basic facts to a 
notion of mechanism, and underlying generality (natural selection in this 
case) that could apply to me as well as to TVrannosaurus, now almost a friend 
through the twin connectiais of actual genealogy and abstract theory. 

Finally, I glimpsed at even greater distance the troublesome questions of 
"why" that science cannot answer, but that any person of passion and 
curiosity must contemplate— as Simpson did with all the generous human- 
ism and uncompromising rationalism of a brilliant man humbled by the 
sweep of geological time. 

I doubt that I understood even 10 percent of the book, but something 
drove me on. I bad found the key that led rom "big, fierce, and eAunct" to 
what Darwin simply called "this view of life," and then characterized by a 
single noun— grandeur. 

We must all, at some point, put aside childish things— and we remember 
the symbols of transition with poignancy (not with pain, if luck smiled upon 
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u»). I had two sucL moments. First, when I saw Olivia de Havilland playing 
Maid Marian and something I did not recognize stirred within me. (It is 
among my most treasured delights that I met this great lady, looking more 
hetutif tfj than ever, a few months ago-~and was able to teU her this litUe 
private secret face to face.) Sewmd, when I lay on my bed late at night 
reauing G. G. Simpson and found the real reason for Ufelong fidelity to 
lyrannosaunis. 



ERLC 



35' 



A Tribute to My Mentors* 



Joshua Lederberg 

If I have any one message to convey, it is an account of my debts: tc the 
individuals who gave so much of themselves as parents, teachers, colleagiies, 
and friends, and to a system that has offered extraordinary nurture to 
whatever talent and ambition 1 could bnng. That system, the social milieu of 
science, is under the microscope today, scrutinized for every aberration and 
pathology. Taken for granted, and thereby overlooked in the presentation of 
the scientific career to younger people, are its positive aspects of community 
and of the traditional (and reciprocal!) bonds of teachers and students, not to 
mention the unique thrills of discovery and the £:"atification of its application 
for human benefit. 

Although 1 was bom in Montc!J>, New Jersey, my early education was 
framed by the New York City public school system. A cadre of devoted and 
sympathetic teachers went far beyond their duty in encouraging a precocious 
>X)ungster, despite his taunting them with questions they could not always 
ansv^er. The culmination was Stuyvesant High School, which specializes in 
science. Stuyvesant also offered unusual opportunities for pr .cal wor . in 
machine shops and analytical laboratories. Most '-nportant of all, it attracted 
a peer group (then unfortunately limited to boy^; of the keenest young 
intellects: For the fi: dc, I had a few intellectual sparring partners. 

New York City in the 1930s had a network of institutions directed to 
enhancing the intellectual and social mobility of its melting pot youth. The 
numerous Nobel Prizes that have emerged from New York's science high 



^Parts of this paper are reproduced, with permission, from the Annua! Review 
ofC.netics, 27 © 1987 by Annual Rcvicivs Inc. 
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schools and City Colleges aie further witness of the encouragement given to 
the talent and ambiUon of its students, perhaps more than of the laboratory 
facilities or of the academic atuinmenu of their faculty at the time. 

•I'he ambitions thus inspired were reinforced by a oopular culture t st 
Idealized the medical scientist with noveb and movies hke Arrowsmith. The 
Magic Bullet. The Ufe of Louis Peiteur. rod The Symphony of Six Mil- 
lion. In a mood bom of the Gi »t Depression, however, many of these works 
painted a bleak picture of the personal life of the scientist: Marriage and 
family were expected to be Baconian "hostoges to fortune" (1625/1971). 

Actual medical textbooks were not so readily available; nevertheless, I was 
able to read histology, microbiology, and immunology while in high school. 
Immunrtogy, as then presented, was almost impenetrable to my efforts at 
orderiy, sctenUfic integration. (It took me two decades to realize that the 
fault was not mine.) 

The library book that had the greatest influence on my further scientific 
devetopment was Meyer Bodansky's Introduction to Physiological Chemis- 
try (1934). The copy I received as a Bar Mitzvah present (1938) stands on 
my bookshelf today, the print almost worn off the pages. 

Equally important as the schools to my own education was the local 
Washington Heights branch of the Camegit-Astor New York Public Li- 
brary system. These institutions symbolized and embodied the melUng pot 
Ideology. My father was an orthodox rabbi, bom and educated in Israel, and 
thus had more prestige, higher intellectual aspirations for his children, and 
less income than most of his neighbors. Ukc many other first^eneration 
Jewish youths in New York City at that lime, I was recruiter into an 
efficient and calculated system of Americanization, fostered by the rich 
opportunities and incentives of the educational sysu.,i. 

My earliest recollections aver an unswerving interest in science, as the 
means by which humankind could strive for understanding of its origin, 
setting, and purpose, and for power to forestall its natural fate of hunger' 
disease, and death. The Jewish reading in Genesis of the expulsion from' 
Eden makes no presumptions of the benignity of Nature: "By the sweat of 
thy br^»: . . ." This may have been the most acceptable deviation from the 
orth^ox religio- s calling of my family tradition. These images were rein- 
forced by the role of Albert Einstein and Choim Weizmann as culture heroes 
whose secular achievements my parents and I could together understand and 
appreciate, regardless of the intergenerational conflicts evoked by my callow 
agnosticism. I could not then see how the monotheistic worid view and the 
central teachings of the Old Testament, and their ethical imperatives for 
contemporary life, related to the tribal rituals shaped in .he Diaspora But 
the utopian^ientihc ethic offered an acceptable resolution. My own career 
could advance our shared ideals in a modem, American idiom. Science 
would be a path to knowledge of the cosmic order. It would also be a means 
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of alleviating human suffering. The Jev sh ir. Jiiion is remarkably ♦'>>^rant 
of skepticism: I have in mind Maimonides* teachings of the unknowai/ility of 
God. The agnostic set of mind thus permitted, together with my reaction to 
my father's orthodoxy, carried over into my reflex responses to other sources 
of authoritative knowledge. 

The library was .tiy university as I went through grade school and junior 
higf school. Here was the universe of knowledge, huge but finite. The 
teenager, unencumbered by any informed guidance and tdtelage, fantasized 
mastering all of it. There were few books (except perhaps musical scores) 
that were totally incomprehensible to me; most were merely difficult and 
would eventually yield to diligent study. At that age, of course, there is little 
sense of the finitude of human life. After 1938, I also had access to the 
Stuyvesant High School library, and more importantly Cooper Union, for its 
stacks gave access to scientific journals like the Journal of the American 
Chemical Society and Science magazine. The librarians did (and do) wel- 
come me as their most enthusiastic patron; I loved nothing better than to 
scan the shelves, discipline by discipline, by no means confined to science, 
and try to find whatever work both challenged and was accessible to me. ! 
was also a voracious reader of fiction from Dumas and Hugo to Thomas 
Mann, H. G. Wells, Ludwig Lewasohn, and Sinclair Lewis. 

I did have some opportunity for "experiment*' at home, what with the 
toxic and explosive chemicals that could then be purchased in chemistry 
sets, and over the counter at Eimer & Amend*s, near Stuyvesant High 
School. Besides nearly destroying myself with looking for the threshold of 
explosion in throwing metallic sodium in water, most of these were elemen- 
tary syntheses of azo dyes and the like, sometimes in concert with some high 
school chums. I did make a more original study of the reaction of ferric iron 
with thiosuifate, but got little satisfaction either from experiment or the 
published literature. Stuyvesant also sponsored a Biology Club, and one 
could beg the storekeeper to use the microtome to cut histological sections. I 
started a p -ject to try to understand iht efl'ect on tissues of fixatives, 
chemicals Intended to coagulate and solidify tissue proteins but hopefully 
leave the essential structures close to their living form. These chemicals, like 
tormaldehyde, acetic acid, and picric acid, do alter the staining properties, 
and I thought this interacti<»n should give clues to the chemical nature of 
tissue materials. Indeed it should; however, the use of specific enzymes, and 
then of antibodies, have provide i much more specific probes for this kind of 
histochemisii7 

The New York Museum of Science and Industry, and the New York 
World's Fair (starting 1939) were also wonderful stimuli, picturing science- 
technology Utopias of the near future. They ofl'ered samples of polaroid 
optical sheets, and of the .?ew Bakelite^M plasv. ^ that could be taken home 
for further experiments. Above all they left a vision of "Better Thirds it 
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Better Living Through Chcwistry." (DuPont's slogan now leaves out the 
word chemistry-Ht has become a dirty word!) 

One of the guides at the New York Wc Jd's Fair was a young psychologist. 
Henry Piatt He had a vision of a means of encouraging young scientific 
minds, namely to offer them a laboratory where they could conduct authen- 
tic scientific research, with appropriate equipment and supervision. By lucky 
chance, he met Thomas J. Watson at the Fair, and persuaded him to support 
the project This materialized as * * American Institute of Science Labora- 
tory, housed in an IBM showroom building on Fifth Avenue, in the shadow of 
the Empire State Building. I was lucky to be accepted into that program: 
Having graduated from high school in January, and being obliged to wait 
until September to start at Columbia University, it was a happy way indeed 
10 occupy the interval.* And I was too young to work without running afoul 
of the child labor laws! The American Institute of Science Laboratory did 
indeed offer better facilities, and unbroken time, to continue the cytochemi- 
cal work I started at Stuyvesant, and I began to focus on the chemistry of the 
nucleolus. It had many of the properties of a nucleic acid, but these were not 
consistent with pure DNA. (My own studies were h^'^dly contributory to a 
solution: Brachet had already applied ribonuclrasc to the histochcmicaJ 
identificati<m of RNA in nucleoli. His work, published in Nazi-occupied 
Brussels in November, 1940, ^as not oommuni'^ated to the U.S. until some 
time later.) The work did confirm my fascination with the chemistry of the 
cell, and I determined to ooncenuate on such studic as soon as I could 
acquire the authentic and mature expertise that Columbia niversity could 
offer. 

Before entering Columbia College, hovcver, I had not yet met a working 
scientist. I can recall having attended popular lectures by Wendell Stanley 
on the chemistry of tobacco mosaic virus; earlier, as a 10 year old, how 
impressed I had been by the ne-vspaper accounts of his having crystallized 
life (cf. Kay, 1986) Thtise stories were among many accounts that pointed to 
the Rockefeller Institute as the sanctum sanctorum of biomedical science. 

With these cardinal inspirations, my entry to Coluiti : that fall was 
motivated by a passion to learn how "to bring the power of ciiemical analysis 
to the secrets of life." I looked forward to a career in medical research where 
such advances could bw applied to problems like cancer and the malfunctions 
of the brain. 

I had applied to Cornell, on account of Lester W. Sharp's presence on the 
faculty— a name that I knew from his text. Introduction to Cytology. But 



•My young colleagues at the American Institute Laboratory included many 
who have achieved great scientific distinction. In my own field, these arc noubly 
Barry Blumberg, Nobelist and Master of Batliol College, Oxford; and Charles 
Yanofsky, professor of biology at Sunford Univeraity. 
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Cornell was in practice open only to wealthy tuition-paying students, or to 
farm boys who could enroll in the New York State-funded College of Agri- 
culture. 

My aM)lication foi a scholarship at Telluride House was rejected. 1 also 
had City College in mind, but though, of this as a last resort as it had limited 
graduate work and sca-:»ly any research facilities No one so much as hinted 
that 1 could eck work and scholarships at other state universities. Berkeley 
might have been a superb possibility, but California seemed like the other 
side of the moon. Financially, a commuter school like Columbia was almost 
the only feasible possibility, barring a scholarship. This perhaps did not exist 
for a Jewish boy from New York at that time. 

Hitler had achieved power in Germany when 1 was eight years old, just old 
enough to have no doubt about the aims of his march across Europe. Eight 
years of fascinated horror at the unfolding of history followed— the persecu- 
tion of the German Jews, the flight of inteliectuals like Albert Einstein, the 
occupation of Austria, Munich, the Nazi-Soviet pact and partition of Poland, 
the fall of Fiance, the victory of the RAF in the Battle of Britain, the Nazi 
invasion of Russia, the Japanese attack on Peari Harbor. Then, in December, 
1941, we knew that the War would dominate our lives until a painful victory 
was won. 

Since 1945 the power o destroy has weighed in negative balance on the 
scientific conscience: We are no ionge. assured that net liuman benefit will 
be achieved as an automatic consequence of the enhancement of knowledge 
(cf. my related essays [1972 and 1973]). We ars noi abandoning the enter- 
prise; the global competition, if nothing else, forfends a halt Weighing the 
benefit of scientific research has become more complicated. 

Tod /s popular portrayals of the scientific culture give short shrift to 
anything but fraud and competition. What contrast to the idealizations by 
Paul de Kruif and others that inspired my generation! This emphasis may 
stem in part from the reluctance of scientists to speak out in literary vein, 
with a few atypical exceptions: outstandingly, June Goodfield in her books 
and television series (1981, 1985), which are a renascence of the de Kruif 
tradition. The competitive stresses on young scientists' behavior today must 
be acknowledged. The role modeling and critical oversight of their scientific 
mentors have also warranted celebration (Kanigel, 1986;Zuckei.-nan, 1977). 
These are now complicated by the disappearance of leisure in academic 
scientific life, the pressures for funding, and academic structures and a 
project grant system that give too little weight to the nurture and reassurance 
of the human resources of the scientific enterprise. The often contradictory 
demands on the scientific personality arc ill undcwtooH: Antitheses such ps 
imagination vs. critical rigor; ico.Toclasm vs. respect for established truth; 
humility and generosity to colleagues vs. arrogant audacity to nature; effi- 
cient specialization vs. broad interest; doing experiments vs. reflection; ambi- 
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tkm vs. sharing of ideas and tools— all these and more must be reconciled 
within the professional persona, not to mention other dimensions of humanity 
(Eiduson and Beckman, 1973; Merton, 1976). 

I have never encountered the extremities that Jim Watson painted in his 
self-caricature of ruthless competition in The Double Helix ( 1 968), which is 
hardly to argue ihat they do not exist. Side by side with competition, science 
offers a frame of personal friendships and institutionalized cooperation that 
still qualify it as a higher calling. The shared interests of scientists in the 
pursuit of a universal truth remain among the rare bonds that can transcend 
bitter personal, national, ethnic, and sectarian rivalries. 
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Ways of Being Rational 



Lorraine J. Daston 



I must preface this personal account of my experiences as student and later 
teacher of the history of science with a caveat lector. In no field are the 
trajectories of entry so zigzag and divergent as those that lead to careers in 
the history of science. Because almost nothing human — or natural — is for- 
eign to the history of science, and because colleges and universities rarely 
oifer an undergraduate concentration in the subject, historians of science 
come from backgrounds in the sciences, history, philosophy, sociology, and 
even literature. Therefore, no one*s experience counts as typical, least of all 
my own. Nor can the pedagogical generalizations based on that experience 
be safely generalized without canvassing a larger sample. With that caution, 
I offer my experiences and observations as that notoriously untrustworthy 
statistical device, the sample of one. 

Like the vast majority of high school student** j for that matter, college 
students), I was taught only a few paragraphs* worth of history of science in 
the many hours I spent in chemistry, biology, physics, and mathematics 
classes. These wtre the sentences of praise and blame that were the stuff of 
textbook introductions. Tiiey were riveting, these condensed narratives of 
Galileo and Darwin, of Gauss and Mendel, for they were full of the heroism 
of the mind — a hopeful alternative for those of us who did better at algebra 
than at field hockey. But for just that reason, these brief taies of truth 
triumphant and error vanquished would hardly have inspired the be^^ "/lU- 
dents to a career in the history of science ven if we had known tha ere 
was such a thing: We burned with the an ^ition to become the subjects of 
these legends, not their chroniclers; to become Holmes, not Watson. 

My first intimetion of a different, richer history came in an entirely 
different context: leami..^ Euclidean geometry. The ideology of progress ran 
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^ strong in the textbook paragraphs, and with it the unspoken but unmistak- 

I abie implication that if newer was better, old was bad and older was worse. 

I Yet here were arguments and conclusions— the most pellucid arguments and 

^ compelling conclusions I had ever seen— that were purportedly over two 

^ thousand years old. I looked up "Euclid" in the World Book Encyclopedia 

I and read and reread the article until the pages were dog-eared and smudged. 

I ^ SP*"^ greater part of ninth grade trying to trisect an angle with ruler 

I and compass. I drove my parents to distraction by insisting on demonstra- 

tions for statements like, "You must make your bed in the morning.'* Years 
later, I learned how many firircs in the history of science and philosophy, 
both n^jor and minor, had been bewitched by the arrow^traight, crystal- 
clear deductions of Euclid. For many of these thinkers, the clarity and 
certainty of geometry had stood in opposition to the vagaries and obscurity of 
history. But for me, the discovery of Euclidean geometry was the rehabilita- 
tion, if not the discovery, of history: It taught me that the present and future 
had no monopoly upon rationality. 

What a genuine history uf that kind of rationality (better, rationalities) we 
call scientific might look like was the discovery of my first few years in 
college. I had the great good fortune to attend one of the few institutions 
where history of science had been cultivated in its own right, with a small but 
Mvely department dedicated to its study, and where it had been integrated 
with rigor and imagination into many introductory science courses. As a 
freshnran at Harvard, I had never heard of the discipline of the history of 
sdenc so it was simply blind luck that led me to Professor Owen 
Gingerich's introductory astronomy course. In Natural Sciences 9, as it was 
then caUed, we learned not only how to find latitude from the pole star and 
how to read stellar spectra; we also learned Aristotle's ai^uments for the 
quintwsence, the admirable complexity of Ptolemy's devices, how Kepler 
had triangulated the orbit of Mars, the observations that bad driven Planck 
to quantize energy, and the observations that had not driven Einstein to the 
theory of relativity. Professor Gingerich's lectures were studded with vivid 
anecdotes and with elegant laboratory demonstrations that always worked 
(not until I began teaching did I realize that this was a feat bordering on the 
miraculous: the laws of nature cannot be depended upon to hold in the 
classroom), but what most impressed me then and now were his explanations 
of past scientific theories, clear and convincing once certain plausible as- 
sumptions and unavoidable constraint^ were conceded. These explanations 
were fortified with exercises: We not CAly learned about equants and 
eccentrics, we applied them to the incqv^'^ty of the seasons; we not only 
studied Kepler's triangulations, we repeated them; we not only listened to 
ProfeMor Gingerich's proof that Newton's laws of force and Leibniz' con- 
servation principles were technically equivalent, we solved problems using 
both. The explanations persuaded us of the reasonableness of past scientific 
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theories, even if they hinged upon assumptions (for example, the unity and 
hamony of the cosmos) that we could no longer embrace. But it was the 
exercises that allowed us to see the world as the framers of these theories had 
seen it, for the exercises allowed us to categorize and manipulate that world 
as the framers had. The pedagogical lesson of Natural Sciences 9 was a 
behaviorist one: to think in a certain way, one must act in a certain way. Or to 
put it in different terms, world views begin with in-thc-fingers knowledge. 

Natural Sciences 9 won me over to the history and philosophy of science. 
In the course of my undergraduate and graduate studies, my fine teachers, 
including I. Bernard Cohen, Erwin Hiebert, Gerald Holton, and Dirk Struik, 
taught me the importance of situating icie^Mfic thought in its cultural and 
philosophical context and of a son of anthropclogical sympathy with concep- 
tions of nature other than our own. Without ever abandoning the precept that 
scientific theories must be reasoned accounts of nature, they showed their 
students how broad and deep the realm of reason could be and had been In 
my own subsequent teaching, it is this catholic approach t the rational 
understanding of nature that has kindled the interest of the most thoughtful 
students, be they trained in the sciences or the humanities. Once the history 
of science ceases to be a history of error, it becomes a source of unsuspected 
insights into the role of methods and metaphysics for the scientists; once it 
ceases to be the history of inexorable, headlong progress, it becomes an 
example of the contingencies and complexities that fascinate the humanists. 
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Today's Jacks, Tomorrow's 
Giants 



Francis J. Heyden, S.J. 



Some of the scientists and teachers of tomorrow, like some of those of today, 
may be interested to follow the path of an 1 1 year old who made of a radio 
station a springboard toward his destiny as an astrcnomy teacher to hundreds 
of students from 6 to 30. This inquisitive Jack (who was I) was fortunate to 
find kindly giants, not ogres, to help him leam. 

Later, as chair of the astronomy department at Georgetown University for 
almost 30 years, I watched over the progress of more than 90 graduate 
students. From my classes, they went on to prepare dissertations on topics 
from radio astron(Hny to the distribution of galaxies. Many of them left their 
student days for careers in science and teaching; most remain in touch as 
friends and colleagues. 

Graduate students are independent, some of them knowing more than 
their mentors. At Georgetown, as well as at neighboring elementary and 
secondary schools, I discovered that guiding students as they began to do 
science meant work in many areas. My contributions built on those of 
parents, whose years of experience didn*t always show in the advice they 
offered. I found myself helping young people who wanted to build a tele- 
scope or ''make a star** for a science fair. And even though no one ever 
succeeded in making a star, some small would-be creators did eventually 
choose to take astronomy in college. Timing over the big stones of graduate 
topics often yielded caches of pebbles that became the raw materials of the 
"star." 

How did i become an astronomer and a teacher? Remembering my own 
path makes me glad to work with students interested in unconventional 
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approaches. In 1918, a friend and I decided to make a radio station. The 
technology was wireless then, so we made two transmitters. When we had our 
small setups working, we were able to help my father hear signals from 
armed forces ships defending us during the first world war At this point, I 
thought I wanted to be an operator on a ship when I grew up, but by 1922, ra- 
dio broadcuting was a growing concern. 
The worid was an exciting place. 

So that we could talk to one another in code, we wound tuning coils on 
rolling pins and made condensers from the tinfoil in cigarette wrappers and 
some wax paper. Henry Ford generously provided the spark coils for the 
transmitter. 

A Jack among benevolent giants (the regular hams with licensed govern- 
ment call letters), I was a ham operator within a year, adding my 25-mile 
range of transmittals to the cacophony produced by Buffalo's other oper- 
ators. 

The public library, with its three old books on wireless, was an important 
teacher But, more significant for me, the giants were kind, letting me use 
their elabtnttte equipment and watch them work. 

With their guidance, I improved my original cat whisker on galena to a 
radio tube; my primitive ndling-pin tuning coil multiplied and metamor- 
phosed into plug4n honeycomb coils. My "Jack," which is still a common 
Fixture in conununications instruments, was then a simple way to change 
coils of wire in a radio set. 

Now, I could draw circuits for receivers and transmitters faster than I 
could compute the algebra, which wis supposed to be among my more 
pressing concerns. Although more conventional education eventually came 
my way, the generosity of the radio ham giants in 1918 to this small Jack 
influenced the course of my life. Remembering my beginnings, I never forget 
their example or brush off the demands of the Jacks (and Jills) of the future. 

In 1931, a few months after I started teaching college physics in Manila at 
its fine observatory, my supervisor told me that, my interest in studying and 
teaching physics notwithstanding, I was needed not for physics but for 
astronomy When I protested that I knew very little about astronomy, I 
received this answer: "But you know wireless. We need you in the Observa- 
tory for that." 

And this former 11-year-old ham suddenly found himself in charge of 
radio time signals over the biggest transmitters the U.S. Navy had, including 
the one that kept the weather section in contact with the Philippines. 

Astronomy was easier than all that. So, after the war, I took a Ph.D. in 
astronomy from Harvard University Somehow, this qualified me to write 
the Manila Observatory's War Damage Claims in Washington, D.C., where 
I simultaneously worked to build Georgetown's offerings in astronomy and 
physics. 
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All of this happened because, by the age of 1 S, I had become a giant with 
my own little Jacks. My beanstalk never grew so high that I forgot that once 
I too had been a Jack« not a giant. I obviously had no trouble remembering 
that gianu can be gentle* And my formal affiliation with graduate students 
in astn omy never kept me away from younger children with their specific, 
quirky interests in science and technology. I left the University at least SO 
times a year to talk to elementary and high school students about their 
projects and questions. 

On one such occasion, a principal asked if I could come on very short 
notice to address his school's science club, which had no speaker. I decided to 
talk about time scales, showing how scientists had disr ^ivered that the age of 
the earth and the universe was measured in billions, not thousands, of years. 

Back came the inevitable question, **What does the Bible say about this?" 
A clerical collar on a stargazcr must have scerned a contradiction. But my 
knowledge of Hebrew helped me explain that scientific and spiritual truths 
*"'ear many shining faces. 

Science clubs, science fairs, jiinior academies— and I still help to prepare 
and update texts on earth science — but the real coin of the realm is kindness. 
Many of my former students, now teachers of students at many levels and 
directors of research laboratories, assure me that they have neither forgotten 
my help nor, much more important, will they fail to extend their hands to 
others. 

Sometimes a little handful of beans can make a big stalk grow. 
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Intimate Evolution of a 
Nature Lover 



Lynn Margulis 



As eldest daughter of a glamorous housewife and a liberated lawyer-turned- 
businessman, most of the free time in my earliest life was spent bdssing 
around my younger siblings (given my father's second and third marriages, a 
total now of seven). 

My major task was to modulate voice volume, except during dramatic 
performances — in which I generally served as director, producer, and itar — 
in the basement of a three-story apartment building on the south side of 
Chicago, across the street from Lake Michigan. Zealous in my demands for 
promptness in rehearsals from my younger and smaller sisters, 1 inevitably 
grabbed the leading roles. 

As I remember it, the rest of my uncommitted moments were dedicated to 
daydreaming, with or without props, such as books, live ant colonies, and 
dandelions gone to seed. A Mexican woman, who had lived for 30 years in 
the village of Tepoztlan, Morelos, before the installation there of electric 
lights, later des'^ribed me as the moonlit girl with her head always in a book. 

A Polish Jew brought up in Christian communities in Grand Rapids, 
Michigan, and Ridgewood, New Jersey, my father developed a great love for 
transformed Palestine: The banality of the busy Chicago downtown office 
where he worked was ameliorated by his zealous Zionism. Like my mother, 1 
never shared his burning interest, retained to this day, in the machinations, 
tribalism, and fratricides of Middle Eastern politics. 

With the partial exception of my immediate family, until I entered the 
University of Chicago as a student in the Co!lege, I knew no one whom I 
thought was leading an intellectually satisfying life: My fellow high school 
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students and their "materialistic" monns and dads seemed concerned, respec- 
tively, with hoarding cashmere sweatc_. and tail-finned automobiles. Con- 
sumed with an ineffable passion for **s^.nething better,** I held theai all in 
great disdain. My other passion, as I grew older, was for young men, but I 
quickly learned thui roost of them were no different from ihe friends of my 
parents und the parents of my classmates. 

Noonc in our family orb:; knew anything more aN)ut science than the fact 
that the famous chemist Harold Urey's son john was in my sister's class at 
the Lab School of the University cf Chicago. Once, my mother in a tizzy, the 
woDderf il Ui ,;ys came to dinner. My father, literate and articulate though 
he is, had great difficulty explaining to me my ninth grade math assign- 
ments. I knew better than even to qucstiai my mother about such esotcrica. 

My conversion to science was bipartite: The major crucial component 
involved a college course called Nafiral Science 2. That thr /stem confer- 
ring the degree of bachelor of arts at the University of Chicago's College of 
Arts and Sciences ever existed is hard for anyone to believe, especially a 
young person today: Classes had fewer than 24 students, labs were frequent, 
exams were only advisory (a 9-hour June final, alone, "counted" toward the 
final grade, and June 'ways seemed to be a long time away from October), 
Furthermore, textbooks were considered anathema to learning: We read 
unabridged and uncompromised original woiks* by great scientists- 
Charles Darwin, Gregor ^rndel, Hans Spcmann, August Weismann, and 
the neo-Darwinists. The themes of Nat. Sci. 2 were "What is heredity?" 
"What links the generations?" "How do the materials in fused egg and sperm 
inspire whole animals?" These haunting qucsticms about life drove those. of 
us interested deeper into biology They drive me still, 

Science there— and it was a superb program— was quite simply the set of 
methods, honest, open, and energetic, that facilitated asking the really inter- 
esting qucsticMis of philosophy: "What are we?" "Where do we co.ne from?" 
"How do we woric?" "What is this universe?" I never for a moment doub* 
that I owe my choice of career in science to the wisdom of those Chicago 
educators. The materials, the great questions, the syllabi, the readings, and 
ine policies of the College encouraged me to proceed on my own schedule; 
before graduating at age 19, 1 thrived in splendid courses such as Nat. Sci. 3 
(Orgaiazation, Methods, anc' Principles of Knowledge or OMP, an acronym 
that describes an ad\anced xurse in philosophy, including philosophy of 
science). 

I owe roughly 75 percent of my impetus toward the scientific life to the 
great minds I met in the books we read in Nat. Sci, 2 (those listed aoove plus 
Vance Tartar, Thomas Morgan, Hermann J, MuUer, Thcodosius Dobzhansky, 
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A. H. Sturtevant, and the like) who spck^ to me directly through the assign- 
ments in the syllabi. Genetics and evolution, geneticists and evolutionists 
fascinated me from the time I f read about them. This body of coherent 
scientific work — the American ^hool of genetics at the beginning of this 
century — gave me a sense of matter, of place, of v/hat chemistry should 
explain. However, I would be remiss if I failed to mentioi*^ the influence of 
Carl Sagan, who, relative u'' my beginner status, was at that time advanced 
as a graduate student of physics and poised at the launching of his astronomi- 
cal career. He shared with me his keen understanding of the vastness of time 
and space. More importantly, he '>as a living exc^.^ie that young people, 
with all their foibles and fumbling, could direct their energies toward the 
scientifiv enterprise. Even though our turbulent marriage ended six years 
later in divorce, it left me with two magnificent Sagan sons and a strong 
sense of my own potential as a scientist interested in large and serious 
questions. 

With one notable exception, I have felt curiously uninfluenced by siiecific 
teachers in classrooms. As a graduate student at the University of Wisconsm, 
both in laboratory and in lectures, I was inspired oy the erudition and 
honesty of cell biologist and chromosome expert Professor Hans Ris. Indeed, 
I have always learned most when Fve had to teach others. 

Finally, let nic say I have always agreed with the sentiment of paleontolo- 
gist George Gaylord Simpson when he remarked that evolution was not the 
most important science because he happened to work on it . . . rather he 
wori^^ed on it because it is the most important science. I heartily agree. 
Evolution as change through time— fron. cc^mic and stellar evolution 
through biological (including human) evolution — brings to light the muddles 
of which ^ t arc the living legacy. 

When filling out inevitable forms or writing required essays on my per- 
sonal future, I always claimed that I wanted to be ''an explorer and a writer,** 
not then realizing that those are precisely the two activities of working 
scientists. If I were to begin my career over again, I would choose almost 
exactly the same route. Although I love the methods of <zr' jiology and the 
power of molecular biological analysis, I suspect Fd r x i in the geological 
rather than the h*'>logical sciences because geok gists go on spectacular field 
trips as part oi ineir educatic • t. They never need to «.pologize for their love of 
nature. 



Credit tc Dorion Sagan, John Kearney, the Na*, nal Aeronautics and Space 
Administrations Life Sciences xjJJ' % and the L Lounsbery Foundation, 
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From Gifts to Talents 
Through General Science 



Robert A. ilice 



Having devoted more than 50 years to science education, I would like to 
highlight some of the experiences and observations that may help science 
teachers grow and sustain their interest in teaching. 

Of special pleasure to me is the conJnued contact I have with many 
former students. They include a police department administrator, a fanner, 
the custodian in my apartment building, the editor of a student science 
research journal (BASE), a bank excculive, the president of the University of 
California, and, of course, many teachers. 

Starting in a small high school with te^/iing assignments in biology, 
chemistry, general science, physics, physica education, and, eventually, 
band forced me to develop many teaching skills and to make careful use of 
my time. I eventually became principal of the school. My experiences there 
taught me to see students— th'. ir interests and their capabilities — as individ* 
uals. Too often teachers prefer to teach only one or two subjects. Such 
teachers can become classKX>m bound, losing interest in teaching and stu- 
dents after a decade. This situation is negative for the students, the subject, 
and the school. Teachers \/orking in smaller schools can gain respect from 
the community by taking advantage of the opportunities that abound for 
participation in r creational, health, musical, and other club activities out- 
side the classroom. 

Science teachers entering large urban schools tend to become tied to the 
classroom. On the other hand, when I joined the faculty at Berkeley High 
School (California), where the science faculty aione totaled IS, I overcame a 
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classroom-bound tendency by assisting the coaches in basketball, football, 
and tract This was not only enjoyable but also established rapport with 
students, especially the difficult ones, in my science classes. I also helped 
with the marching band. Because I could find time for these additional 
activities, the principal was glad to give available time for science opportuni- 
ties. So, I recommend that tcacLjrs work diligently with their principals, 
who niay then be willing, in turn, to secure time for additional science 
activities. 

During the 1930s and 1940s, there were plenty of education courses but 
few science courses to upgrade teachers' knowledge. Scienceoriented stu- 
dents had even fewer encouraging activities available to them. But in the 
1950s, industry, colleges, and universities became interested in schoolteach- 
ers and stuiients. Shortly after becoming science department chairman at 
Berkeley High School, it was my good fortune to be sclccleu as the first 
director of the San F«*ncisco Bay Area Science Fair (SFBASF), sponsored 
by the Standard Oil Cumpany of California. Soon after, other Bay Area 
corporations joined in. For six years, until 1959, 1 directed this new venture, 
which provided the first real opportunity for science leachers to meet, ex- 
change ideas, see each other's work, and bring t alented students together 
Se"*.ral science teacher and student associations sprang up from this ven- 
ture. The ?air organizat on became the hub of communications for science 
teachers and students for many years; it is still an important and efiective 
force in this region. In fact, organizations, such as those composed of 
antivivisectionists protesting the use of animals in experimentation, attacked 
the SFBASF as a means of reaching schools and science teachers. By 
working with groups such as the State Humane Association of California and 
the Society for the Prevention of Cruelty to Animals, the Fair was able to 
educate teachers on proper experimentation and care of animals in schools, 
thus effecting changes throughout the United States as national teachers' 
organizations took up the problem. My advice, then, to science teachers is to 
become involved with science fairs and other competitions. 

In 1956, the University of California, Berkeley, decided to help improve 
science teaching through the National Science Foundation (NSF) Teacher 
Training Programs. Again, I v/as involved in planning and directing the first 
of these institutes at Berkeley and, over the next 15 years, supervised many 
others. I did this work while teaching my regular classes at Berkeley High 
School. For the first NSF institute, I selected several qualified science 
teachers who were also able lo secure or make time to join me in this 
program. These teachers acted as section lea lers. Today they are some of the 
leaders in science education. Participants came from nearly all over the 
United States as well as a Tew foreign countrier and benefited from exchang- 
ing ideas, gaining new information, and generally upgrading their teaching 
techniques. Thus, more vistas weie opened to develop science literacy and 
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improve work with students. Important contacts with university personnel 
resulted, niany of which unfortunately disappeared when NSF stopped the 
institute programs. Today, however* we ha\t a partial return to similar 
programs funded by NSF and othv.s. Teachers should take advantage of 
these opportunities as they develop. 

Later, as president of the National Science Teachers Association, I had 
the opportui...y to observe many of the problems science teachers face and to 
find out in what ways they need assistance. Again, therefore, teachers who 
want to improve and gain recognition must find time for science meetings, 
student competitions, institute programs, and the like. The teachers, stu- 
dents, and schools will benefit. 

After developing the children's area of the U.S. Science Exhibit at the 
Century 21 World's Fair in Seattle, 1 returned to Berkeley to join a group of 
scientists and educators who were developing a new kind of center for 
science education, the Lawrer x Hall of Science (LHS), locat'Ml on the 
Berkeley campus of the University of California. Here teachers could focus 
on new ideas and experiments to better understand and explain the concepts 
of science. The LHS would also be ^ resource ior teachers in search of 
assistance and for students looking for stimulation. The LHS is operational 
now, helping science and mathematics teachers. I continue to find great 
satisfaction in assisting students. A number of challenging programs encour- 
age them toward careers in science. Some of these opportunities are the 
Wcstinghouse Science Talent Search, science fairs, symposia, olympiads, 
writing for journals such as BASE, and work experiences in science labora- 
tories. 

I have concentrated on two of the aforementioned activities, namely the 
Junior Science and Humanities Symposium (JSHS) and BASE. The JSHS 
provides a competition much like aa adult scientific meeting in that it 
features communication of sci'sntific information through public speaking — 
an important part of the student's presenM:^ion of a research project. This 
competition appeals to maturt high school students and allows science and 
English teachers to combine their eflbrts. My second interest is in BASE, 
with one of my former students, a physician, acting as its editor. BASE 
presents the opportunity for young people to publish the results of their 
independent research. 

While I have had a few more ex^ nces than «:re available to many 
teachers, my background suggests that teachers must take advantage of and 
look for opportunities to get involved outsiiie of tne classrooms — they should 
get acquainted with nearby colleges, tech centers, and museums, which can 
orer considerable help and stimulation. Teachers are not only multipliers of 
information and learning techniques. They ^rc stimulators in the develop- 
ment of young people. Most scientists attest to the fact that good teachers 
turned them toward a career in science. And, of course, we do not teach in 
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class only. A teaching career goes beyond schooling. It turns its special 
knowledge, values, and skills to the entire field of education: that is, to the 
cooununHy at large, to the epvironment of which we are all a part. 
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Lessons I Have Learned 



Gerald Skoog 

During my 30 years in the teaching profession, I have learned some lessons 
that have been valuable to me. Some of them reflect common sense. Others 
arc contradictory to common practice. 

As I ap|/ oached my first day of teaching, the advice dominating my 
inexperienced and apprehensive thoughts and shaping ^ ' preparation is to 
be tough and ''not smile until Christmas." I took this vice seriously and 
acted accordingly The students in the small Nebraska high school where I 
began teaching also acted accordingly. Many of the best students in my 
chemistry class dropped out. They did not want to put up with nonsense from 
an insecure teache:. Some of the more marginal rtudents hung around and 
accepted me as a challenge. As I became more perceptive and secure as a 
teacher, I noted that students approached a new course with a certain 
amount of apprehension and a hope that this class might offer sometning 
different and useful. My "don't smile until Christmas" attitude fueled that 
apprehension and distracted from the value of the course. I eventually 
learned that the first day was crucial in setting the climate for the year, and I 
determined to open with involvement anc* excitement. Routines needed for 
effective instruction were started; threats and signs of hostility were laid 
aside. Clearly, students entering a class for the first time arc looking for 
involvement, relevance, and a sense that the teacher is a reasonable per jn 
who i^ rcf dy to help them learn an exciting subject. 

I used to feel smug and satisfied when I noted that my students couid score 
well on examinations in chemistry and biology without studying the text- 
book. I prided myself on the explanatory power of my lectures and the 
exploratory nature of the discussions. What I failed to see was that the 
students were relying on me as they "mastered" the subject. Mv teachcr- 
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centered practice;, were achieving immediate successes but were actually 
retarding the students in their development as lifelong learners. In a world of 
change, and one dominated by science and technology, students in science 
must be helped to be lifelong learners. I was slow to learn this important 
lesson. 

When I see teachers' desks, bookshelves, and storage areas bare or con- 
taining only the "essentials," I wonder about the richness both of the class- 
room and of the teacher's life. I learned early as a science teacher to be a 
ravaging scrounger of thin^ deluding reading material, photos, and other 
people's ideas. As I read, I clip and file. At conventions, I take notes and 
comb the exhibitors' booths. I look for ideas or approac^^es that are genera- 
tive: While it is useful to find a lab or discussion topic for one lesson, it is 
more profitable to find a method or approach that can help to teach several 
different topics. Also, certain instructional theories have rescued me from 
the pitfalls of trial and error and have allowed me to plan with some predict- 
ability. If I were to give a "best scrounger" and a "best teacher" award to a 
teacher in my life, it would go to Martin Grant, professor of biology at the 
University of Northern Iowa. His collection of books— including comic 
books! — periodicals, plants, and miscellany such as woodpecker tongues 
stimulated my curiosity and helped me raise and answer some interesting 
questions. Among the lessons I learned from Dr. Grant is a refusal (or an 
inaoility) to thiow anything away or pass up something just waiting to be 
bagged; my "collection" has created storage problems but has given me a 
rich base for planning learning experiences. 

Growing up in a small Nebraska town and attending a high school with 20 
students and 2, sometimes 3, teachers, I had a great deal of spare time but 
only occasional glimpses of the world that extended more than 50 miles 
beyond my home, i learned, however, that books and periodicals could bring 
that world to me and fill the shw hours of the school da>. By seventh grade, I 
was reading three or four books a week. This reading habit has served me 
well as a teacher. In particular, it helped as I faced four biology classes 
composed of those students in a high school of 3,600 who were not seen as 
capable of learning and thus were giv.;n to me, the new teacher, and assigned 
to a nonlaboratory setting. Having just completed my master's degree in a 
program sponsored by the National Science Foundation, I was full of new 
knowledge and ready to teach much "stuff." I learned early on that year that 
earthworms, grasshoppers, and dihybrid crosses would contribute neither t > 
my survival in that situation nor to the students' present or future lives. But 
my readme led me to many topics and problems in science that today are 
called "science-related societal issues." These became the vehicles to gain 
the interest of the students and to teach important science concepts. 

Today, if I were responsible for hiring a school district's science teachers, 
one of my first interview questions would be, "What do you read regularly?" 
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and, then, "What is the last lcw}k you read?" Also, I would encourage new 
teachers to make friends with the librarian, to start a paperback library for 
the students, and to read several periodicals regularly. Overall, my reading 
^abiiS have opened up new interests and areas of thought that have contin- 
ually enriched my teaching and my life. 

If I have succeeded, my students have learned something from me. But I 
have also learned many lessons from them. During my first summer as a 
university professor in the early 1970s, I taught a small class of education 
students. It included a woman returning from the Peace Corps whose provoc- 
ative and liberated viewpoints sparked controversy, a dedicated social 
worker, a teacher who raised hogs, a black female who was rightfully dis- 
traught over the racism she had experienced, and a consei native fanner, 
among other individuals. This lively mix of potential teachers led to passion- 
ate class dialogues; the textbook faded in importance; burning issues set the 
agenda. Probing questions about ei^ucation and equality and the intensity of 
the students drove me to the library daily in search of ways to feed the 
searing discussions occurring and to help myself, individual students, and the 
class as a whole find meanings and answers to the questions that were 
emerging. 

Throughout my career, I have been sustained and enriched ^y my col- 
leagues. Despite certain public stereotypes, the teaching profession is filled 
with interesting people, and communities of scholars do exist. Lunchtime 
debates, p?er observations, extended field trips, convention experiences, and 
other types of informal and formal interaction with my colleagues have 
opened new areas of interest, sharpened convictions, and, overall, helped me 
to continue to grow personally and professionally. 

Growing up in a small town and beginning my teaching career in a small 
school forced me to become involved in activities and face challenges I might 
have escaped in more crowded settings. I leameJ early that commitments 
involve risks but provide opportunities for growth and satisfaction. For exam- 
ple, I was terrified when the curtain went up on a theatrical production I had 
directed. However, the production ended without disaster — even to ap- 
plause! — the years passed, and much satisfaction has accrued. The involve- 
ment and risks experienced when I served as chair of a community board 
responsible for implementing and supervising some of the "war on poverty" 
programs in the early 1970s taught me some hard lessons about racism, 
poverty, politics, and self-interest that influenced my philosophy of teaching 
and my political direction. My continued involvement with the controversy 
surrounding the place of evolution and creationism in the public schools has 
given me extended opportunities to interact with scientists, theologians, 
activists representing a variety of different viewpoints, and occasional crack- 
pots. As president of NSTA in 1985 and 1986, 1 welcomed my contact with 
teachers, science educators, corporate leaders, and scientists. Those were the 
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richest years of my life — thus far. They also were demanding as I faced new 
tasks and responded to new challenges. From these and other experiences, I 
learned that it is important to allow oneself to be piu hed and to stretch one's 
reach beyond previous levels of performance in ever-widening spheres of 
involvement in teaching, in today's complex society, in life. From this com- 
mitment comes much satisfaction 9nd growth. 

As a graduate of a small high school in a community of 150 and as 
someone who began his career as the only science teacher in the school, I 
have met each year in my professional and personal life challenges ol which I 
never dreamed. Whde I suspect other work would also have offered chal- 
lenges, I am satisfied in my choice of the teaching profession because **the 
lessons I have learned" have made my life interesting and fulfilling. 
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Letter to a Young Scientist 



Dear Dianne: 

I understand that you think you may be interested *n a career in science. 
Perhaps it will be helpful if I share with you some of my thoughts on the 
value and rewards of such a career. I remember well the influences and 
considerations that led me to turn in this direction as a very young man. 

My own history in this respect has both unusual and usual aspects. Up 
until the i'mc I entered high school, I had no exposure to science and, 
therefore, little knowledge of its possibilities. I chose literature as my major 
subject, and I took no science until my junior year when, in order to meet the 
college entrance requirement, I took a chemistry course. Largely due to the 
enthusiasm and obvious love of the subject displayed by my teacher, Dwight 
Logan Reid of David Starr Jordan High School in Los Angeles, chemistry 
captured my imagination almost immediately. I had the feeling, "Why 
hasn't someone told me about this before?" From that point forward, my 
mind was made up. I felt I wanted to become a scientist and bent all my 
efforts in that direction. I have never been sorry, for I have found in science a 
life of adventure and great personal satisfaction. 

In considering a career in science, you may ask yourself whether you really 
have the qualifications. You may feel — and many might try to tell you— that 
you need to be a genius. This is not true. While great advances have been 
made by our greatest minds — such as Einstein, Rutherford, Edison — the 
bulk of scientific discovery has been made by men and women who, while of 
better-than-average mif Iligence, were by no irieans in the genius category. 

We have so ma^iy usks which need doing in all phases of medicine, public 
health, agriculture, indus:ry, and basic research, that we cannot hope to 
carry them out without help from people of many levels of ability. Further- 
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more, many discoveries arc made by men and women whose scientific effec- 
tiveness came as a result of a combination of qualities. In a particular 
instance, manual dexterity, special experimental technique, a freshness of 
viewpoint, or an insight gained from past experience may be decisive. Sci- 
ence is an organized body of knowledge and a method of proceeding to an 
extension of this knowledge by hypothesis and experiment. By learning the 
fundamenUl principles, by mastering the elements of the scientific method, 
and by acquainting yourself with the experimental techniques available to 
the modem scientist, you can proceed with near certainty to significant 
scientific advances and to achievement which may exceed that of many 
mental giants of a generation ago. 

My advice is this: Do not worry too much about your intelligence, about 
how you compare with your contemporaries, but concentrate on going as far 
as possible with the basic endowments nature has given you. Don't underesti- 
mate yourself. Some young people are probably somewhat more confident— 
or cocky— about their abilities than their years warrant, but if I may judge 
from my own experience in talking with young peoole, many lack self- 
confidence and are somewhat hesitant in visualizing themselves as poten- 
tially important scientists. You should have no hesitation at all about doing 
this. Set yourself a high goal of achievement and exert yourself to advance 
toward this goal. The development of your abilities will be most marked if 
you strife out steadfastly for a goal which may even be high enough that you 
never quite achieve it. 

I would like to emphasize a particularly necessary element in the makeup 
of a good scientist: simple hard work. Many a person of only bctter-than- 
average ability has accomplished, just on the basis of work and perseverance, 
much greater things than some geniuses. Such a hardworking individual will 
succeed where a lazy genius may fail. Some scientific discoveries are made 
by armchair research, but most of them require considerable experimental 
work and represent a lot of perseverance and perspiration, as well as a 
properly conceived method of attack. Many people of quite superior promise 
never have that promise realized unless they are fortunate enough to be in an 
environment where they are continually prodded into activity. People differ 
enormously in this quality, as in other respects: Some are self-starters and 
have great physical endurance, some work best alone, and others are most 
effective in a team effort. You will have to evaluate your own characteristics 
and try to place yourself in the environment most likely, as a routine result, to 
draw hard work from you. 

This matter of hard work runs counter to the trend of modem times, with 
its emphasis on leisure, shorter workweeks, and more leisure-time activities. I 
am in sympathy with these developments in society, generally, but I cannot 
feel that the 35-hour workweek has much relevance foi* a creative scientist. 
The greater effort expected of a scientist, however, is seldom extracted 



380 



Personal Reflections 



against her will. The great gift is the ability to secure employment that allows 
the opportunity to do work she genuinely loves; she does not work simply 
because it is necessary in order to live. We live in a money-oriented society, 
but I think that personal success in money matters is often overrated as the 
reigning monarch of our standard of values. I believe that every person has a 
deep psychological need to feel that what she is doing is of some importance, 
aside from the money paid for doing it. 

The scientist has the satisfaction of this need built into her life, and this 
gives zest and motivation to her efforts over an indefinite period of time. The 
intellectual satisfactions, the thrill of discovery, and the sense of worthwhile 
effort are a rich reward and a strong stimulus to continued work. Scientists 
and engineers are definitely not clock-watchers. The majority of my personal 
acquaintances work in establishments where the doors of the laborator. are 
never locked and the lights frequently bum late into the night. 

Scientists would feel a sense of purpose and inner satisfaction rven if their 
efforts were not important to the world in which we live. In actuality, of 
course, there is no group of persons on whom society as a whole depends so 
heavily Science has exciting challenges to meet. Great discoveries with 
great benefits to human beings everywhere are much closer than the far 
horizons, and the technology necessary to utilize these great discoveries for 
the better health and quality of life of mankind provides an immense field for 
your efforts. The scientific discoverer is the first to see or to know a really 
new thing: s/he is the locksmith of the centuries who has finally fashioned a 
key to open the d^ v to one of nature's secrets. This age of discovery has 
changed to new frontiers in space, medicine, biology (i.e., the human ge- 
nome), artificial intelligence, new sources of energy — the possibilities are 
almost limitless. 

You can be part of it. 
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This yWiography !ias l^n compiled under the constraint of three questions: 
V/liz\ knowledges and vslues. what skills and practices, are useful in provid- 
ing for the young who are inclined to a future as scientists'^ What might be 
the first instruments of teachers and supervisors who are devising programs 
for potential scientists? What compilation of works and refeiences might b . 
suitable for a first small but solid library on giftedness. one particularly 
useful 1 jr understanding the gifted young who have the talents to become the 
scientists of the future, one that at the same time would be fruitful in 
designing an environmcni that would fulfill the powers of young and 'eacher 
alike in the pursuit of excellence? 

We arc required to meet diverse needs: of a school principal planniug to 
introduce a program for the gifted; of a teacher seeking manner anc* mode of 
identifying and providir© environments of high a psal to the gifted; of a 
mentor guiding a gifted yc jth in proving recent work or in analyzing his or 
her conceptions against known researches, past and present. 

Recognizing these n-- ids, among others, the bibliography is structured into 
four parts a& follows: 

1. General Works: Early and Current Studies 

2. Traits of GifteJ Individual« 

3. Programs: Strategies and Tactics, Needed Research 

4. Joua-^ls and Publications of Selected Associations 
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Category 1. General Works: 
Early and Current Studies 

Early studies on giftcdncss probed the traits of eminent adults, at ;mpting to 
analyze an appa:xnt dichotomy in giftedness and talent, that is, between the 
arts and the sciences. Clusters of traits of eminently succcsc^'n^ scientists 
were developed from questionnaires, biographies, interviews, ano projective 
techniques. A relatively small number oi' works have been given over to 
researches devised on the basis oi simulated o. real-world environments 
created to augment opportunities for gifted childicp and adohicents to 
engage in independent investigations in science— experiences that were then 
utilized fjt appraisals of giftedness in science. 

Arasteh, Josephine D. (1968, 1 -arch). Creativity and related processes in the 
young child: A review of the literature. Journal of Genetic Psychology, 
112, 77-108. 

Offers a careful, comprther^ive analysis of the literature of measurements 
of creativity and a variety of tests of intelligence and personality in pre- 
schoolers and children in elementary grades. The measures indicate that 
preschoolers possess individual differences m such factors as freedom of 
expression, nonconformity, curiosity, and playfulness. The bibliography in- 
cludes 133 references, dating mainly from the 1930s through the 1960s, 
offering the reader an analysis of widely Jstributed works that are not 
readily available. 

Arieti, Silvano. (1972). The will to be human. New York: Quadrangle 
Books. 

On the basis of his own and other relevant researches into t*:e psycho- 
dynamics of giftedness, Aiieti analyzes and synthesizes conceptions of the 
factors that affect the development of an individual. Arieti develops his view 
that 3n individual's will, freedor^ a. dignity can be crushed in ca * 
development, education, and schooling, or by oppressive and deforming 
social conditions, especially by the misuse of authority Further, he holds 
that individuals are detenrmed by the choices they make in life in addition 
to gcnenlriven factors and socioeconomic influences. 

I '•be, Walter Isarke, and Renzulli, Joseph S. (Eds.). (1981). Psychology 
and education of the gifted (3rd ed.). New York: Irvington. 
Provides an anthology of papers dating from the 1950s, 1960s, and 1970s, 
thereby offering a cross section of the areas of interest in giftedness over 
three decades. Selected papers probe the characteristics and modes of identi- 
fication of the gifted young, as well as the development of their gifts. 
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Jarron, Frank X. (1963). The disposition toward originality In Calvin W. 
Taylor and FrarJc X. Barron (Eds.), Scientific creativity: Its recognition 
and dev. opment (pp. 139-152). New York: John Wiley and Sons. 
Presents findings based on a series of tests, including the thematic apper- 
ception and Rorschach, anagrams, and unusual uses for objects, that wt:e 
given to 100 captains in the U. S. Air Force. Barron's often-quoted listing of 
characteristics of "original" individuals includes their preference for com- 
plexity and some degree of apparent imbalance in phenomena; their ten- 
dency to be complex psychodynamically and to exercise wide personal scope; 
tl;iir exhibition of independence in judgments; their self-assertiveness and 
dominance; ar^l their rejection of suppression as a mechanism for controlling 
impulses. Barron's findings have been reinforced by subsequent research 
studiec 



Brandwein, Paul E (1955). The gifted student as future scientist. The high 
school student and his commitment to science. New York: Harcourt 
Brace. (1981 reprint, with a new preface [Los Angeles: National/State 
Leadership Training Institute on ilz Gifted and Talented]) 
Describes piovisions between 1945 and 1951 in developing a supportive 
environment within a public high school with a heterogeneous population. 
Based on his observations of scientists during his own tenure in laboratories 
as a research scientist, Brandwein developed a triad of factors observable in 
working scientists and applicable to the gifted with potential in science: a 
genetic factor (general intelligence, verbal and numerical ability); a predis- 
posing factor (psychological, i.e., persistence and questing); and an acti- 
vating factor (opportunities for advanced work and training in undertaking 
real-world investigations, i.e., performance, in science under the guidance of 
a mentor). Based on his and other reseaiches, Brandwein proposes an interac- 
tion of these factors as necessary for the development of high ability (talent) 
in science. He describes a full program designed as an environment in which 
students "select the* iselves" (thus using self-selection as a mode of identifi- 
cation) for demonstration of talent in scientific research. 



Bri^'kman, Larry. (19H1). Creative product and creative process in science 
and art. In Denis Dutton and Michael Krau^z (Eds.), The concefjt of 
creativity in science .md art (pp. 129-155). The Hague, the Netherlands: 
Martinus Nijhoff. (Distributed 'n the U.S. by Norwell, MA: Kli'wer 
Academic Publishers) 

Offers a critique of the researches of psychonictricians who set ou^ to 
identify (through factor analysis) a set cf personality trai»5 that might dis- 
criminate between crtati»'e and noncreative individuals. Brisknan develops 
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his idea of "transcendent product,** that is, creative scientific or artistic 
products that transcend their earl> traditions. 

Callahan, Carolyn. J 979). The gifted and talented woman. In A. Harry 
Passow (Ed.), The gifted and talented: Their education and development. 
Part I (pp. 401-423). (Seventy-eighth Yjarbook of the National Society 
for the Study of Education.) Chicago: University of Chicago Press. 
Offers a comprehensive analysis of the literature on the results of tests 
comparing men and women in certain abilities and achievements as wel! as in 
differences in personality Analyzes the general cultural barriers and certain 
environmental factors that affect the success of all women, especially gifted 
ones. Stresses the need for special career planning and counseling of gifted 
young people that set aside cultural stereotypes. 

Corrcll, Marsha. (1978). Teaching the gifted and talented, Bloomington, IN: 
Phi Delta Kappa Educational Foundation. (Fastback Series No. 1 J y, 
Probes current research concerning the traits of the gifted, inDlruriients for 
identification (Renzulli and Haitman, and the Williams scale), s,«cnl pro- 
grams (enrichment, giouping, acceleration), the role of parents and need for 
community resources, the cost, of effective programs, and the preparation of 
teachers. 

Crockenberg, Susan B. (19^2, Winter). Creativity tests: A boon or boondog- 
gle for education? Review of Educational Research, 42{\\ 27-46. 
In an attempt to reconcile conflicting evidence regarding tests of ''creativ- 
ity,** the author analyzes two tests of creativity representative of many: the 
Torrance Tests of Creative Thinking and the Wallach and Kogan Creativity 
Battery. A concern for the validity of these tests is in the interest of guiding 
those who devise programs supportive of the aspirations of young gifted 
individuals. 

Delias, Marie, and Gaier, Eugene L. (1970). Identification of creativity: The 

individual. Psychological Bulletin, 7i(l), 55-73. 

Presents a comprehensive review of the literature on giftedness, including 
testing instruments and validity studies. Delias and Gaier offer a critical 
evaluation of work in the field up to 1970. 

De Lone, Richard H. (1979). Small futures: Children, inequality, and the 
limits of liberal reform. New York: Harcourt Brace Jovanovich. (For the 
C-megic Council on Children) 
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Reflects on inequality, egalitarian policy, and political and social reform 
over three eras; attends to child development and theories on the sources of 
inequality; and considers steps toward the fashioning of an egalitarian thrust 
in schooling, education, and social policy. 

Dutton, Denis, and Krausz, Michael (Eds.). ( 198 1 ). The concept of creativ- 
ity in science and art. The Hague, the Netherlands: Martinus Nijhoff. 
(Distributed in the U.S. by Norwell, MA: Kluwer Academic Publishers) 
Includes the contributions of philosophical as well as psychological inquiry 

into creativity (!iarr6, Koestler, Polanyi, and Sparshott, among others) and 

attempts to clarify the many-faceted areas to be found in the studies on 

giftedness and creativity. 

Erikson, Erik H. (1982). The life cycle completed: A rex 'ew. New York: 
W. W. Norton. 

Recapitulates the stages in development of the maturing individual — a 
sequence of physical, cognitive, and social abilities. Erikson restates the 
significance of his wide^v known major steps in psychosocial development 
from infanc> Id age. Here, in the briefest sum: in infancy — hope; in early 
childhood — will; in play stage — purpose; at school age — competence; in 
adolescence — fidelity; in young adulthood — love; in adulthood — care; in old 
age- wisdom. Each stage in the life cycle is carefully described to provide a 
summary of some of Erikson*s earlier popular works. 

Fox, Lynn, and Durden, William. (1982). Educating verbally gifted youth. 
Bloomington, IN: Phi Delta Kappa Educational Foundation. (Fastback 
Series No. 176) 

Summarizes and analyzes current research in the field of the verbally 
gifted; a concise source of information on identification and provisions for 
sustaining gifts and resources. 

Fox, Lynn, and Zimmerman, Wendy. (1985). Gifted women. In Joan Free- 
man (Ed.), The psychology of gifted children: Perspectives on develop- 
ment and education (pp. 219-243). Uey/ York: John Wiley and Sons. 
Offers statistics to indicate tbit disparity between potential and achieve- 
ment is much kss for men than it is for women; for orz example, most of the 
6 percent of women rated as professionals are tn traditionally female fields 
of education, nursing, health technology, and Lbrary science" (p. 219). In 
educativ i, in 1 978 only 1 4 percent of school prin ;ipals were women. Fox and 
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Zimmerman ^?^^y7& a vast literature, from which they extract the signifi- 
cant data conai mig such areas af gender's relationship to orientation and 
differences in values, career interests, and educational planning. 

Freeman, Joan. ^979). Gifted children: Their identification and devtlop- 
ment in a social context. Baltimore: University Park Press. 
Reflects on the many meanings of giftedness and means for judging 
giftedness. Freeman describes the British Gulbcnkian Project on Gifted 
Children and her role as director; the projcc. s based on parents* recognizing 
giftedness and seeking help in creating supportive environments. 

Gag6, N. L. (Ed.). (1976). The psychology of teaching methods. (Seventy- 
fifth Yearbook of the National Society for the Study of Education.) 
Chicago: University of Chicago Press. 

Begins with a historical approach to the psychology of methods of teach- 
ing and offers contributors' papers on Icaniing models of value to those 
planning cunicular and instructional models. Among the numerous devices 
utilizeJ in teaching included are learning theories, computer-assisted in- 
struction, written instruction, tutor. discussion dynamics, simulations and 
games, lecture methods, the use of television and films, and decision-making 
procedures. 



Gallagher, James J. (1966). Research lummary on gifted child education. 

Springfield, IL: Illinois State Board of Education, Gifted Program. 

Stresses the need for summaries such as the one developed in his study to 
reduce the "redundant research" resulting possibly from a lack of a sense of 
history in the investigation of trends in education. Analyzes an extensive 
collection of stua^es relating to intellectual and personality factors, teachers' 
ratings, mc hods of Irtentification (including ones for the underachiever), and 
intervention procedures for administrators (intervention involving new 
cunicular and pedagogical approaches). 



Gallagher, James J. (1985). Teaching the gifted child (3rd ed.). Boston: 
Allyn and Bacon. 

Reflects on the broadening focus given to definitions of giitedness, admin- 
ist.ative concerns about the nature of programs, and shifts in methods of 
teaching the gifted, such as independent inquiry. Gallagher offers a hiiitori- 
cal approach to the works on the gifted as well as practical approaches for 
the teacher and administrator. 
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Gardner, Houard. (1983). Frames of mind: The theory of multiple intelli- 
gence. New York: Basic Books. 

Reinforces the idea of multiple intellectual competencies on the basis of 
Gardner's studies of prodigies and of gifted, normal, and brain-darr.aged 
in'^ividuals, as we!l as those from diverse cultures. Within the context of 
cognitive and developmental psychology, he describes muUiple intelligences 
as including linguistic, musical, logical-mathematical, spatial, bodily-kin- 
esthetic, and personal. In his view, **it should be possible to identify an 
individu^iPs intellectual profile (or proclivities) at an early age" (p. 10) and 
thereby tnhance a person's educational opportunitic ^ and options. 

Goldberg, Miriam. (1 960). Research on the gifteJ. In Bruce Shertzer (Ed.), 
Working with superior students: Theories and practices (pp. 41-66). 
Chicago: Science Research Associates. (North Central Association of 
Colleges and Secondary Schools Project) 

Analyzes the research literature concerning the characteristics of the 
gifted, modes of identification, tests of creativif 's well as nonintellective 
factors. Goldberg offers suggestions for admmiarators of programs and 
possible ways to alter the method of teaching and the content of courses for 
the gifted. 

Goldsmith, H. H. (1983. April). Genetic influences on personality from 
infancy to adulthood. Child Development, 54(2), 331-355. 
Emphasizes the importance thai behavioral geneticists studying personal- 
ity and temperament give to the interrelationships between developmental 
processes and gene action. Goldsmith evaluates the extensive research— 
rather than theoretical assumptions — in genetic studies of adolescent and 
adult personality based on studies of twins and personality inventories of 
longitudinal studies of adult twins and families, as well as infant and child- 
hood temperament and personality. He concludes, "With substantial confi- 
dence, it can be asserted that theories of personality development ignore the 
action of genetic factors at some risk" (p. 349). Among others, "task persis- 
tence" is suggested as a factor for psychobic '^gical study. 

Gould, Stephen Jay. (1981). The mismeasure of man. New York: W. V 



Develops an incisive analysis and formidable criticism of much of the 
cirly literature on measuring intelli«$ence, that is, Broca and craniology; 
Binei and IQ; Goddard and the "fetiSle-minded"; TcnrcLn; and Yerkes. 
Gould especially focuses on the errors of Cyril Burt. Gould's book provides a 
rich reference source for all in the field of education of children. 
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Gowan, John Curtis, and Demos, George D. (1964). The education and 
guidance of the ablest. Springfield, IL: Charles C. Thomas. 
Offers a rigorous analysis of research in the field into the 1960s, jvith 
comprehensive coverage given to scientific orientation. Gowan and Demos 
describe the need for a high general intelligence, predispoei^ig factors (home 
background and personality), and environment (especially school experi- 
ences), as developed in the contributions of Ahrendt, W. Bloom, Brandwein, 
Guilford, Jablonski, Knapp, and Roe — pioneers in advancing the needs of 
the gifted, particularly in nurturing performance in science. 



Gowan, John Curtis, KJiatena, Joe, and Torrance, E. Paul (Eds.). (1981). 
Creativity: Its educational implications (2nd ed.). Dubuque, lA: Ken- 
dall/Hunt. 

Brings together an anthology of the contributions of current researchers 
under headings: Theory and Practice; Developmental Characteristics; Can 
Crcativitj Be Increased by Practice?; Curriculum; Teachers and Parent* 
Identification and Measurement; and Guidance. 



Guilford, J. Paul. (1968). Intelligence, creativity, and their educationa} 
Mplications. San Diego: Robert Knapp. 

Presents selected papers concerning Guillord's "structure-of-intellect" 
theory and model. The model, -eprcsenting Guilford's classification of intel- 
lectual abilities, is described along with implications for schooling. 



Horowitz, Frances Degcn, and O'Brien. Marion (Eds.). (1985). The gifted 
and talented: Developmental pers^^ectivcs. Washington, DC: A.nerican 
Psychological Association. 

Provides a comprehensive analysis of various definitions of giitedness by 
psychologists— theories specific to an understanding of the nat Ju of do- 
main-specific talents and multiple intelligences. While knowledge is consid- 
ered domain-speci^c, the acquisition of and n.echanisms for retrieval of 
knowledge may oe general abilities tiiat apph over many fields. Horowitz 
and O'Brien conclude that "psychologists know very little about the develop- 
mental course of giftedness or talent about the nature of environmental 
opportunities that nurture their realization, and about the nature of the 
conditions that must change over time to ensure continued development of 
giftedncss" (p. 45). *hey argue in favor of turning the focus away from 
intellectual and cognitive factors and investigating social and personality 
traits that may infl :nce the expression of giftedncss. 
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Hudson, Liam. ( 1 966). Contrary imaginations: A ps ychological study of the 
young student. New York: Schocken Books. 

Evaluates the data from wide-ranging studies, in a quest for understanding 
of "creativity." His subjects: two groups of students desig«^ated as "con- 
vergers" and "iivergers" on the basis of their responses to Convergence- 
Divergence Inventories. His data: IQ tests, open-ended tests» attitudes 
concerning controversial statements, autobiographical scripts, and so on, 
Hudson evaluates his data in a quest for understanding of "creativity." He 
concurs with a thesis put forth by Cox, Roe, and MacKinnon ?ind widelv 
accepted by subL-^uent researchers that personal factors, not only intellec- 
tual ones, are vrucial for optimum performance. Hudson stresses that 

the whole point of testing, in other words, lies in measuring those qualities which 
predispose a man to follow a particular bent. Some of these may be a matter of 
intellectual ability, but in all probability, the majority do lie—as Cox, Roe, and 
MacKinnon suggest— within the sphere of prrsonalitv (p. 109) 

Hudson inc^udr^ statistical data supporting hii views and examples of the 
tests he gave to high school students. 



Jackson, Douglas N„ and Rushton, J. Phillippc (Eds.). (1987). Scif itific 
excellence: Origins and assessment. Newbury Park, CA: Sage. 
Focuses on many current, diverse studies of excclle: cc in science. After a 
foreword by Harriet Zuckerman, this anthology of papers is divided into 
three parts. Part I on assessment is given over tc Eugene Garfield*s analysis, 
with papers on "Mapping the World of Science" and "Is Citation Analysis a 
Legitimate Evaluation Tool?" ftirt II's discussion of "pcrsonalogical" ori- 
gins includes ^hilip E. Vernon's comprehensive, historical overview of re- 
search on scientific abilities. Sociocultural origins are covered in part 111, 
which includes studies on avoiding bias in the publication review process, 
permitting creativity in science, examining the impact of graduate teachin/2 
and thftsis supervision, investigating the psychology of women and scienth.w 
rci^^arch. 



Kail, Robert V., and Pehigrino, jamcs. ( 1 985). Human intelligence: Perspec- 
tives and prospects. New York: W. H, Freeman. 
Evaluates theoretical perspectives of intelligence testing, cognitive psy- 
chology, and developmental studies (for example, those of Piaget). In addi- 
tion, offers a rich yet concise description of new theories still developing in 
the 1980s— such as the triarchic theory of human intelligence and the theory 
of multiple intelligences, 
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Khalcna, Joe. (1982). Educational psychology of the gifted. New York: 
John Wiley and Sons. 

Refers to the past and current liteiaiure in tho field of giftedness. Khatena 
develops in depth the areas of identification of giftedness, intellect, imagery, 
and creativity. He also addresses modes of guidance (educational models and 
support agents) as veil as special problems of groups such as underachievers. 



Kramer, Alan H. (Ed). (1981). Gifted children: Challerging their potential. 
Monroe, NY: Trillium Press. (World Council for Gifted and Talented 
Children) 

Presents 33 papers selected from the proceedings of the Third World 
Conference on Gifted and Talented Children held in 1979 in Jerusalem. The 
editor notes that fewer than 10 out of the 23 countries represented at the 
conference had large-scale special programs for gifted children. 



Kuhn, Thomas S. (1963). The essential tension: Traditio.is and inr - a 
scientific research. In Calvin W. Taylor and Frank X. Barroi. ,..us.). 
Scientific creativity: Its recognition and development (pp. 341-354). New 
York: John Wiley and Sons. 

Stresses that creative scientists use both convergent and divergent think- 
ing in posing ; oblenis and in planning and executing their investigations. 



Link, Frances R. (Ed). (1935). Essays on the intellect, Alexandria, VA: 
Association for Supervision and Curriculum Development. 
Compiles extensively the comprehensive contnoutions of current workers 

in fields of interest in schooling and education. Among a considerable num- 

Hcr of areas are found researches in multiple intelligences, thinking and 

writing, critical thinking and intellectual capacity. 



Mansfield, Richard S., and Busse, Thomas V (198 1). The psychology of 
creativity and discovery: Scientists and their work, Chicago: Nelson-Hall. 
Focuses on characteristics cf creative scientists and offers theories to 
explain the creative process. Describes several strategies of research in the 
field of giftedness, especially a measure of real-life creativity (and relates it 
to other variables such as personality traits). Considerable attention is given 
in the appendix d research studies concerning criterion-related validity of 
several cognitive and perceptual tests and, among others, personality and 
vocational tests. 
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McClelland. David C. Baldwin. Alfred L.. Bronfenbrenner. Urie. and 
Stodtbeck. Fred L. (1958). Taleni and society: New perspectives in the 
identification of talent. Princeton. NJ: D. Van Nostrand. 
Summarizes the issues in an early period of heightened interest in gifted- 
ness: identification, measurement of skill in social perception, achievement 
and social status, family interaction, values and achievement and the role of 
an ability construct in a theory of behavior — mainly, that of adaptive behav- 
ior. 

National Science Board Commission on Precolh.ge Education in Mathem.it- 
ics Science, and Technology. (1983). Educating Americans for the 2ist 
century. Washington. DC: National Science Foundation. 
Describes in this volume (and in a companion volume on source materials) 
a plan of action for improving mathematics, science, and technology educa- 
tion for all the nation's elementary and secondary school students in order 
that their level of achievement may be the highest in the world by 1995 — a 
compilation of ideas, needs, and proposals for improving knowledge, vak^es, 
and skills through schooling. 

Newland. T. Ernest. (1976). The gifted in socioeducational perspective. 
Englewood CliF* NJ- Prenuce-Hall. 

I>efines the gifted as described in the literature and delves into social, 
psychological, and philosophical considerations with reference to selected 
researches. Offers a comprehensive critique of both strengths and weak- 
nesses of research on giftedhess. providing a summarv of work up to 1975. 

Passow. A. Harry (Ed). ( 1 979). The gifted and the talented: Their education 
and deveiopment. Part I. (Seventy-eighth Yearbook of the National Soci- 
ety for the Study of Education.) Chicago: University of Chic *go Press. 
Summarizes early studies of philosophy and judgments of some 30 con- 
tributors of papers such as Taimenbaum. Gallagher. Jackson. Callahan. 
Stanley. Gold. Renzulli. Feldman. Torrance, and Getzels. which range from 
the broad spectrum of policies and programs for the gifted, to practices for 
special populations of the gifted (artistic people, pron^ising black and Mex: 
can American students, gifted and taleul^d women,. Provides probes into 
counseling of the gifted young to facilitate the self-appraisal of unique 
qualities. 

Powell, Gloria J. (Ed.). Yamamoto. Joe. Romero. Annelis:*, and Morales. 
Armando (Associate Eds.). (1983). The psychosocial development of mi- 
nority group children. New York. Brunner/Mazel. 




395 




Gifted young in Science: Potential Through Performance 



Provides a background for undcrsta ding certain health (both mental and 
physical) and educational issues concerning minority group children, as well 
as some of their psychological, social, and familial patterns. Powell raises 
Questions for research and social policy, suggesting that poverty is the sever- 
est handicapping condition of childhood. 

Rothenbcrg, Mbert, and Greenberg, Bette. (1976). The index of scientific 
writings on creativity: 1566-1974. Hamden, CT: Shoe String Press. 
Presents a scholarly, significant search of the literature on creativity 
(1566-197'!) subdivided into sections: Creativity— <}eneral; Creativity and 
Psychopatholc^y; Developmental Studies (Life Cycles); Creativity in Fine 
Arts; Scientific Creativity; Creativity in Industry, Engineering, and Busi- 
ness; Creativity of Women; Means tor Facilitating Creativity through Edu- 
cation. 



Rubin, Louis J. (Ed.). (1969). Ufe skills in school and society. Washington. 
DC: Association for Supervision and Curriculum Development and Na 
tional Education Association. 

Analyzes t*-e essential skills needed in a rapidly changing, technological 
society. Offers a thoughtful presentation of bold ideas for the times ahead. 



Shore, Bruce M., Gagnc, Fran^oys, Larivee, Serge, Tali, Ronald H., and 
Tremblay, Richard E. (Eds.). (1983). Face to face with giftedness. Mon- 
roe, NY: Trillium Press. (World Council for Gifted and Talented Chil- 
dren) 

Develops, through the contributions of researchers over five continents, 
the curricular considerations as well as the attitudes of peers and parents 
regarding the concepts of giftedness and provisions made for the gifted. 
These selected proceedings from the Fourth World Conference on Gifted 
and Talented Children (held in Montreal in 198 1 ) are concerned with social 
contexts, the meaning of giftedness, giftedness deflected, cultural perspec- 
tives, and cuniculum considerations. 

Sternberg, Robert J., and Davidson, Janet E. (Eds.). (1986). Conceptions of 

giftedness. New York: Camb.idge L niversity Press. 

Organizes a diversity of conceptions of giftedness: educationally based 
concepts, cognitive-psychological views, developmental studies, domain-spc- 
cific approaches (mainly in mathematics and music), totaling 17 differe-* 
conceptions of giftedness in an attempt to provide a background for reassess- 
ing and unifying thinking in the field. 



Bibliography 



Tanncnbaum, Abraham J. (1979), Prc-Sputnik to post- Watergate concern 
about the gifted. In A, Harry Passow (Ed.). The gifted and the talented: 
Their education and development. Part I (pp. 5-27). (Seventy-eighth 
Yearbook of the National Society for the Study of Education.) Chicago: 
University of Chicago Press. 

Traces the changing values in the United States concerning the need for 
programs for gifted individuals following Sputnik in the 1950s, the unrest 
and campus revolts of the 1960s, more recent charges of elitism, the current 
focus on the needs of disadvantaged minorities, and the public's "devalua- 
tion" of science and cyclic surg*;s of interest in science and technology, Many 
suggestions are offered for provisions used through the 1970s. 



Tannenbaum, Abraham J. (1983). Gifted children: Psychological andedu- 
cational perspectives. New York: Macmillan. 

Provides a kind of vade mecum for the professional, '•equisite for under- 
standing state-of-the-art science. Offers useful and comprehensive coverage 
of the history of the concern for the gifted and definitions of "giftedness" 
from a psychological perspective, with considerations for practical facilita- 
tion of programs. Provides a critical review of the literature on creativity. 



Tannenbaum, Abraham J. (Guest Ed.). (1986, May). Reflections: Gifted 
child education — The last 25 years [Special Issue]. Roeper Review, 8(4). 
Eleven contributors to the schooling and education of the gifted and 
talented reflect on tht?r work of the past 25 years and select items and 
vignettes for emphasis. Included are Tannenbaum, Abraham, Passow, 
Goldberg, Gallagher, Brandwein, Rosenbloom, Torrance, Gold, Taylor, and 
Ward. 



Taylor, Calvin W. (Ed.). (1972). ClintMe for creativity New York: 
Pergamon Press. (Report of the Seventh National Research Conference 
on Creativity) 

Summarizes a wide range of aspects of creativity that include predictors 
and criteria of creativity and uses of creative abilities in industry and scien- 
tific organizations, as developed in the Seventh National Research Confer- 
ence on Creativity. A comprehensive review uf the thinking of the 1^^/Os. 



Torrance, E. Paul. (1962) Guiding creative talent. Englewood Clifl^s, NJ: 
Prentice-Hall. 
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Stresses the need for special counseling of gifted elementary school stu- 
dents so they come to recognize their unique gifts, yet develop their creativ- 
ity without suffering social stresses from their peers, 

Futtle, Frederick B., Jr., and Becker. Uwrencc A. (1980). Characteristics 
and identification of gifted and talented students, Washington. DC: Na- 
tional Education Association. 

Reflects on the current work and offers new approacncs to problems 
encountered by the gifted young. Describes a variety of identification proce- 
dures and activities for teachers of the gifted. Supplementary materials are 
offered by way of example. 

Vasta. Ross. (1979). Studying children: An introduction to research meth- 
ods. New York: W. H. Freeman. 

Explains the goals of a vast number of research techniques useful in 
studies of children and adolescents. In part I. Vasta describes methods of 
scientific inquiry; part 11 compares and contrasts basic research designs 
(longitudinal/experimental/time series); part III focuses on the funda- 
mental tactics of investigating and measuring children's behavior emptoyed 
by researchers, Related issues, such as ethical considerations, complete the 
presentation in part IV. 



Whitmore. Joanne. (1980). Giftedness, conflict, and underachieve ent. Bos- 
ton: /illyn and Bacon. 

Offers new approaches to identification of the causes of underachieve- 
ment (including maladaptive behaviors and negative feelings toward school 
curriculums) among gii\. , elementary schoolchildren, based on Whitmore's 
work with the gifted who have a variety of learning di-ibilities. Whitmore 
ofTeis extensive examples of practical early remedial methods and alterna- 
tive educational programs for gifted underachiever* Many suggestions are 
applicable at secondary school as well as elementary school levels. 

Witty, Paul (Ed.). (I95I). The gifted child. Boston: D, C. Heath. (American 
Association of Gifted Children) 

Provides a collection of papers of pioneers in studies of giftedness of many 
kinds, not solely superiority identified through intelligence tests. Among the 
many contributors are T^iman. Oden. Strang, and Witty, who describe their 
probes into the identificfiion of giftedness. Included also are comments on 
the Stanford Studies, the works of Leta Kollingworth. traits of teachers of 
the gifted, and the Science Talent Search. 



Bibliography 

Category 2. Traits of Gifted Individuals 

A comprehensive literature exists describing the intellectual and affective as 
well as motivational factors to be found among gifted adults — geniuses of 
the past, eminently successful individuals — and the traits and behavior of 
gifted young. These studies, considered in the framework of the works 
described in the preceding papers, often reaffirm earlier studies and confirm 
earlier hypotheses in presenting a variety of models of intelligence, multifac- 
torial hypotheses, and details of psychometric studies. Some few works refer 
to psychodynamic foundations of behavior (Arieti, Erikson, Hudson, Maddi, 
and others, as described earlier). More attentior ^an in eariier years is given 
in current work to the role of the family and siolings as well as to the self- 
image of the gifted young. 



Barron, Frank X., and Harrington, David M. (1981). Creativity, intelligence, 
and personality Annual Review of Psychology, 32, 439-476. 
Offers a comprehensive review of current research concerning the person- 
ality traits of intellectually gifted individuals. 

Brandwein, Paul E, and Morholt, Evelyn. (1986). Redefining the gifted: A 
new pa adigm for teachers and mentors. Los Angeles: National/State 
Leadership Training Institute on the Gifted and Talented. 
Analyzes existing research and critical analyses leading the authors to 
posit that gifted individuals combine in themselves and bestow to society two 
gifts: a gift of self and a gift of an originative work. These are generated out 
of certain engines of their talent: a "standing quarrel** with the culture 
developed into a "lover*s quarrel** with the culture and a "milieu,** an 
interaction of the moral and intellectual dynamics of the individual in a 
fusion with the environment. The successful mento/ in effect "sees** the 
gifted child in the persona of the gifted adult and thus is required to teach 
children to cope with the gift that is their mark. In any event, Brandwein and 
Morholt conclude, "Whatever tests validate a child*s promise for doing 
originative work (present synonyms: giftedness, creativity, talent) in the 
school years, we will consider that promise unfulfilled unless it results in a 
gift to society** (p. 4). 

Delisle, James. (1984). Gifted children speak out. New York: Walker, 

Analyzes 6,000 completed questionnaires from gifted elementary school- 
children(ages 5-13) who reveal the burdensaswellas rewards inassessmentsof 
self, parents, peers, and teachers. Delisle offers guides for discussions among 
teachers and discussion activities with children. 
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Freeman, Joan (Ed.). (1985). The psychology of gifted children: Perspec- 
tives on development and education. New York: John Wiley and Sons. 
Presents contributions of works on an international level (eight countries 
on four continents). The first section defines the "gifted'' L.id means for their 
identification; then follow the characteristics and behavior of the gifted with 
suggestions for their education. Freeman considers the term "gifted" as 
currently used to include about 24 percent of all children with varying 
abilities (social and creative skills); she detail i how different nations view the 
gifted by organizing programs that accommodate their needs--often in the 
light of national aims and customs. 



Keller, Evelyn Fox. (1983). A feeling for the organism: The life and work of 

Barbara McClintock. New York: W. H. Freeman. 

Describes both the personal and scientific "lives'* of Barbara McClintock, 
the Nobel laureate, as she pursued her studies and discoveries mainly con- 
cerning the genetics of com. Presents a view of a rigorous search for evidence 
and the obstacles and disappointments in the Ufe of this persistent scientist. 
(McClintock didn't receive recognition until 1983 for her lifetime of con- 
tributions to genetics.) 

Parloff, Morris R (1972). Creativity research program: A review. In Calvin 
W. Taylor (Ed.), Climate for creativity (pp. 269-286). New York: 
Pcrgamon Press. (Report of the Seventh National Research Conference 
on Creativity) 

Describes the kinds of personality patterns that are conducive to creative 
performance in science in ibc real world; recognizes that creative perfor- 
mance is a function of the interaction of personality structure, environmental 
influences, :iAd cognitive capacities. Parloff describes a study of male candi- 
dates in the Westinghouse Science Taleni Search. In sum, the more creative 
adolescents are differentiated from the ss& creative controls in that the 
former appear to be more efficient thinkers; are willing to experiment with 
new and unusual ideas; are more persistent, self-reliant, and independent i** 
their thinking; are able to use their skills and resources in achieving their 
goals; and are less encumbered by distracting anxieties. 

Roe, Anne. (1953). The making of a scientist. New York: Dodd, Mead. 

Summarizes Roe's comprehensive, clinical study of eminent scientists 
(biologists, physicists, psychologists, and anthropologists). Roe's subjects 
were given long personal interviews, intelligence tests (spe^^ially con- 
structed), and Rorschach and thematic apperception tests. Roc generalizes 
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her many observations in terms of common patterns of personal and profes* 
sional behaviors. She considers major factors in the making of scientists to be 
the need and ability to develop independence and persistence to a high 
degree. 



Subotnik, Rena. (1986). Scientific creativity: Westinghouse Science Talent 
Search winners' problem-finding behavior. In Arthur J. Cropley, Klaus K. 
Urban, Harald Wagner, and Wilhelm Wieczerkowski (Eds.), Giftedness: 
A continuing worldwide challenge (pp. 147-1 56). Monroe, NY: Trillium 
Press. (World Council for Gifted and Talented Children) 
Analyzes a carefully planned 10-page questionnaire as well as interviews 
of 300 honors recipients in the Westinghouse Science Talent Search. Data 
collected compared high school students in their ability to find problems for 
investigation. Subotnik concludes that, given an enriched environment with 
opportunities to take a variety of science courses from knowledgeable teach- 
ers, high school students can demonstrate talent in science by designing and 
conducting their own experiments. Eighty-nine of the 1983 Westinghouse 
winners received adult assistance in finding a research problem; 62 percent 
of the 89 were assisted by a laboratory director or professor. 



Tannenbaum, Abraham J. (1960). Adolescents' attitudes toward academic 
brilliance. New York: Teachers College, Columbia University. (Talented 
Youth Project) 

Describes Tannenbaum*s research studies of intellectually gifted youth. 
Using an attitude test, he recognized the negative feelings the gifted encoun- 
ter from their peers. 



Vail, Priscilla. (1979). The world of the gifted child. New York: Penguin 
Books. 

Provides deep insight into the world of the gifted — their traits, progress in 
schooling, and their behaviors. Vail describes the upbringing of her own 
gi('ted daughter and her experiences as a teacher in this nontechnical, fluent, 
knowledgcaole small book. Vail suggests solo and group .ivities for gifted 
youngsters and includes a section in which gifted young and adults (ranging 
in age from 6 to 75) describe their lives, their careers, their wishes. 




Wallach, Michael A. (1985). Creativity testing and giftedness. In Frances 
Dcgen Horowitz and Marion O'Brien (Eds.), The gifted and talented: 
Developmental perspectives (pp. 99-123). Washington, DC: American 
Psychological Association. 
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Reviews the shifts in importance given to IQ tests and to tests of creativity 
as correlates of giftcdness. Considers creativity as a "by-product of field- 
specific instruction rather than teachable skill in its own right" (p. 115). 
Wallach considers that "achievement during adolescence in a given field of 
endeavor tends to persist, making accomplishment in a particular field a 
good basis for predicting its continuance" (p. 116). Wallach holds that 
"excellence in a given field of accomplishment may offer a better basis for 
selecting individuals for educational benefits than does testing for such 
general dispositions as intelligence or creativity" (p. 1 13). 



Category 3. Programs: Strategies and Tactics, 
Needed Research 

There are few programs that deal specifically with modes of teaching the 
gifted or provide opportunities for independent research by those gifted who 
wish to pursue their interests in science. Many of the references listed in 
category 1 offer traits of the gifted, provisions needed for handicapped 
gifted, or help for those who need supportive guidance. In the following 
works, programs are often suggested. Current journals (sec category 4) often 
describe specific programs in operation. Further research needed— often a 
part of these papers— calls for the support of hy wtheses through actual 
research using individual young people, modes of conducting longitudinal 
studies, and redefinitions of "giftedness" and "creativity." 



Anderson, Trudy. (19S2, May). Real-world science. The Science Teacher, 
49(5\ 41-43. 

Highlights the details and procedures involved in setting up a mentor 
program within a community— matching students with professionals in the 
area. Explains how some students continue after graduation to work with the 
same professionals and mentors in industry. 



Brandwein, Paul F. (1952, February). The selection and training of future 
scientists III: Hypotheses on the nature of "science talent." Science Edu- 
cation, 36{\\ 25--26. (Follows papers I aiH II [1947, 1951] with the same 
title) 

Reflects that there is a tendency for educators to compare students' 
"gifts" without considering the differences in students' opportunities and 
incentives. The nature of high-level ability in science is a case in point; 
assumptions arc made concerning the soK^alled trait "science talent," but the 
trait is not operationally defined. In all three papers, Brandwein offers 
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certain hypotheses on the basis of his observations and work with adolescents 
of high ability. Is there a trait, "science talent/* similar to talent in music? Or 
is "science talent" a component of general intelligence? Or are there other 
factors, such as specific opportunities within the school environment, which 
make a "science talent" apparent? 



Brodshaugh, Jacqueline. (1986). The learning bank: Clearinghouse for edu- 
cation. In Arthur J. Cropley, Klaus K. Urban, Harald Wagner, and 
Wilhelm Wieczerkowski, (Eds.), Giftedness: A continuing worluwide 
challenge (pp. 397-401). Monroe, NY: Trillium Press. (World Council for 
Gifted and Talented Children) 

Describes a vision of a community in which all educational resources are 
open to students as a public policy — "coming together" of teachers, stu- 
dents, parents, art and museum directors, professional and business people to 
plan the use of community resources to offer good learning experiences for 
students. Brodshaugh describes how a>i educational clearinghouse — "a 
learning bank" — can be developed. Activities involve an arts program; a task 
force on agricultural education (plant genetics, robotics, etc.); career men- 
tors, a mentor network for a region of some 7,000 students in grades 7-12, 
and career internship and exploration programs; the sharing of TV media; 
and early-entry college classes. 



Clarizio, Harvey F. (1986). Psychometric limitations of Guilford*s structure 
of intellect model for identification and education of the gifted. In Arthur 
J. Cropley, Klaus K. Urban, Harald Wagner, and Wilhelm 
Wieczerkowski (Eds.), Giftedness: A continuing worldwide llenge 
(pp. 70-79). Monroe, NY: Trillium Press. (World Council for Gifted and 
Talented Children) 

Analyzes the literature on Guilford*s structure of intellect (SOI) model in 
relation to psychometric characteristics: norms, reliability, validity, aids 
used in interpretation. He also evaluates the many implications of his analy- 
sis for the practitioner*s role in identifying gifted students and creating 
programs for them. 

Cropley, Arthur J., Urban, Klaus K., Wagner, Harald, and Wieczerkowski, 
Wilhelm (Eds.). (1986). Giftedness: A continuing worldwide challenge. 
Monroe, NY: Trillium Press. (World Council for Gifted and Talented 
Children) 

Provides a wide spectrum of the background achievements and research 
needed to nurture the gifted in order to develop their special talents in 
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leadership, music, dance, mathematics, and the sciences. The selected pro- 
ceedings of the Sixth World Conference on Gifted and Talented Children, 
held in Hamburg in 1985, stressed ;he need for disseminating worldwide 
current thinking of leaders in the field of the study of the gifted. 

Keller, J. David. (1980, November). Akron's exploratory program: A pro- 
gram for gifted and talented in mathematics and science. School Science 
and Mathematics, 80(11 577-582. 

Describes an approach used to identify gifted and talented students who 
took mathematics and science courses designed specifically for the gifted. 
Describes a modularized inquiry approach in which mentors in the commu- 
nity guided students in pursuit of their research interests; results indicated a 
significant growth in students' achievement in science and mathematics. 

USalle, Donald. (1979, March). On Talcott Mountain. Science and Chil- 
dren. 16(6), 27-29. 

Describes a program for the gifted and talented that included investiga- 
tions in astronomy, geology, and climatology; notes that the predominant 
trait of the participants was their persistence. 

Maker, C. June. (1982). Teaching models in education of the gifted. Rock- 
ville, MD: Aspen Publishers. 

Offers a comprehensive review of many teaching-learning models useful in 
implementing a curriculum for the gifted. Theoretical models include those 
of Bloom, Bruncr, Guilford, Kohlbcrg, Fames, Renzulli, Taba, C. Taylor, 
Treffinger, and F. Williams. 



Martin, Kathleen. (1979, December). Science and the gifted adolescent. 
Roeper Review, 2(2), 25-27. 

Describes gifted adolescents as idealistic and critical thinkers who often 
respond immediately and directly to their world; emphasizes that science 
should be taught not only as a collection of facts, but also as a reverence for 
life. 



Moorman, Carolyn Kay. (1979, April). Expeditions— Journeys with a pur- 
pose. American Biology Teacher, 41(4), 217-218. 
Provides curriculum and identification guidelines, time lines, and methods 

for implementation and evaluation used in an independent biological study 

program designed for seventh and eighth graders. 

404 



Bibliography 



Passow, A, Harry. (1983). The four curricula of the gifted and Ulentcd: 
Toward a total learning environment. In Bruce M. Shore, Fran9oys 
Gagnc, Serge Larivce, Ronald H. Tali, and Richard E. Tremblay (Eds.), 
Face to face with giftedness (pp. 379-394). Monroe, NY: Trillium Press. 
(World CouncU for Gifted and Talented Children) 
Stresses the total learning environment comprising the curriculums al! 
students experience: general education, specialized, subliminal/covert 
(school climate and environment), and nonschool educative settings. 

Renzulh, Joseph S., Reis, Sally M., and Snith, Linda H. (1981). The 
revolving door identification model. Mansfield Center, CT: Creative 
Learning Press. 

Describes the important role of the teacher as a "talent spotter" recogniz- 
ing those individuals who might benefit from advanced work beyond the 
level of the regular course of study In essence, this guidebook describes the 
revolving door identification model. The "model" is based on Renzulli's The 
Enrichment Triad Model (1977), which comprises three factors: above- 
averafie ability, task commitment, and creativity Chapters describe proce- 
dure? for implementing and evaluating this revolving door model; many 
examples are given using diagrams and charts to assist both teachers and 
administrators (as well as parents). Relevant information is available in 
many appendixes: descriptions of available creativity tests, achievement 
tests, intelligence tests, and tests of special talents, checklists, parent nomina- 
tion forms, and other child-screening questionnaires for kindergarten and 
early childhood education. Samples of "exploration" scholarship programs 
for older students are included. 

Rice, Joseph R (1985). The gifted: Developing total talent (?nd ed.). 
Springfield, IL; Charles C. Thomas. 

Indicates that this revised edition is intended to summarize elements for 
settmg up educational progiams for the gifted. Critici.-:es the exclusive use of 
general tests of intelligence in selection of students for school programs and 
provides a comprehensive classification of talent. Lists the characteristics 
Barron and MacKinnon describe relating to personality traits of the creative 
person; offers a chart of Frank William's "search" for the creative teacher 

Romey, William D., with Hibert, Mary L. (1988). Teaching the gifted and 
talented in the science classroom (2nd ed.). Washington, DC: National 
Education Association. 

Presents an overview of characteristics of the gifted and offers a rationale 
for each of several kinds of activities in which children in elementary school 
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may participate. For example, among science activities described for the 
gifted, the authors suggest specific exercises in perception and awareness, 
fantasy, classifying, drawing pictures, playacting, singing songs, divergent 
thinking, finding science in the everyday environment (including TV— in 
**$oap operas" and situation comedies, for example). 



Schnur, James, and Stefanich, Greg. (1979, December). Science for the 
handicapped gifted child. Keeper Review, 2(2), 26-28. 
Reflects that too often the handicapped receive little or no exposure to 
science, which may restrict the number of handicapped individuals wlio 
enter science fields. Describes the lack of proper physical environments and 
programs, as well as the attitudes of counselors, which may deter handi- 
capped gifted students from pursuing careers in the sciences. 



Sherman, Marie. (1984, October). A biochemistry course for high-ability 
secondary students. Journal of Chemical Education, 67(10), 902-903. 
Describes a course in biochemistry designed for students who have com- 
pleted three years of science study; the goals of the course as well as descrip- 
tions of many science fair projects are offered. 



Siegler, Robert S., ard Kotovsky, Kenneth. (1986). Two levels of giftedness: 
Shall ever the twain meet? In Robert J. Sternberg and Janet E. Davidson 
(Eds.), Conceptions of giftedness (pp. 417-435). New York: Cambridge 
University Press. 

Describes a variety of definitions of giftedness and traits of the gifted. 
Propoies several possible, fruitful approaches to research, for example: a 
focus on people "in the process of becoming productive, creative contribu- 
tors to a field — high school students who win Westinghouse Science Compe- 
tition prizes, who publish articles in nationally circulating magazines, or who 
have their drawings shown in major exhibits" (r\ 434). States further that 
such students "already have made creative contributions — they have not just 
learned to perform well on tests — but they arc still in the process of becom- 
ing eminent** (p. 434). 




Stanley, Julian C. (1979). The study and facilitation of talent for mathemat- 
ics. In A. Harry Passow (Ed.), The gifted and talented: Their education 
and development. Part I (pp. 169-185). (Seventy-eighth Yearbook of the 
National Society for the Study of Education.) Chicago: University of 
Chicago Press. 
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Sumniarizes the philosophy and practice of Study of Mathematically 
Precocious Youth (SMPY), which began in 1971 at Johns Hopkins Univer- 
sity, and the annual SMPY Mathematics Talent Search. Implications of the 
study on programs of mathematics in schools are considered. 

Swami, Piyush, Schaff, John F, and DeBruin, Jerome E. (1979, April). 
Research for gifted students: Cultivating a national resource. The Science 
Teacher. ¥6(4), 28-29. 

Provides details of a summer research program in science for high school 
students. Students worked with research scientists and had opportunities to 
write research papers and have them published; these opportunities for 
increasing students* scientific knowledge and skills often motivated them 
toward careers in research science. 



Thomas, S. C, and Kydd, R. A. (1983, January). A university science 
enrichment program for gifted high school students. Journal of Chemical 
Education, 6(K\\ 27-28. 

Offers details of the selection of students for a program in college-level 
research projects. 



Whitmore, Joanne, and Maker, C. June. (1985). Intellectual giftedness in 

disabled persons. Rockville, MD: Aspen Publishers. 

Suggests practical guidelines to lid disabled gifted youth by way of 
planned programs and a variety of career oppor< i ''ities. 



Young, Richard. (1979, December). The science gifted. Roeper Review, 
2(2), 23-24. 



Reflects that gifted students in their pursuit of science possess an ability to 
think in terms of mental images with a high level of ability in problem 
solving; indicates these students should be given opportunities to work in 
activities that involve understanding, analysing, and organizing the world 
around them. 



Category 4. Journals and Publications 
of Selected Associations 

Current works on giftedness, curriculums, and programs aimed at improving 
the environment for all learners, as well as the gifted, appear in many 
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journals and in ihc published proceedings of conferences. The following 
listing is only a sampling of the many publications available. 



Journals 

Child Development 

Educational Leadership 

Exceptional Children 

Gifted Child Monthly 

Gifted Child Quarterly 

Gifted Child Today* 

Gifted International 

Journal of Chemical Education 

Journal of College Science Teaching 

Journal of Creative Behavior 

Journal of Research in Science Teaching 

Phi Delta Kappan 

Psychological Bulletin 

Review of Educational Research 

Roeper Review: A Journal on Gifted Education 

School Science and Mathematics 

Science and Children 

Science Education 

Science Scope 

The Journal of Educational Research 
The Science Teacher 



Government Sources 

vs. DepMlmeiit of Ediication 

Office of Educational Research and Improvement (OERI), 555 New Jersey 
Ave., NW, Washington, DC 20208 (1800] 424-1615), supports and conducts 
research on education, collects and analyzes education statistics, and dissem- 
inates inlbrmation, among other functions. Its work is carried out by the 
Office of Research, Center for Statistics, Programs for the Improvement of 
Practice, Library Programs, and Information Services. Of particular interest 
to science educators and those interested in working with the gifted in 
science or in other areas are the following projects and services: 



•Originally titled G/C/T fGified/Creative/Talented/ from 1978 to 1986. 
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1. Available through Information Services are free statistical publications 
and referrals to appropriate sources, including those below (described in 
Institutional Projects (April. 1988]).* 

• The Educational Resources Information Center (ERIC), Washington, DC 
20208, **is a national education information system responsible for develop- 
ing, maintaining, and providing access to the world's largest rducaiion re- 
search database" (p. 40). ilie ERIC Clearinghouse on Handicapped and 
Gifted Children (Council for Exceptional Children, 1920 Association Drive, 
Reston, VA 22091) attends to the education and development of these two 
groups. The ERIC Clearinghouse on Science, Mathematics, and Environ- 
mental Education (Ohio State University, 1200 Chambers Road, Room 310, 
Columbus, OH 43212) offers information on education in these fields as well 
as engineering. 

• The National Research and Development Centers "are university-based 
projects that focus research on topics of national significance to educational 
policy and practice** (p. 16). 

• The Research Synthesis Center for the Teaching, Lw mmg, and Assess- 
ment of Science, affiliated with the Biological Sciences Curriculum Study, 
directs its attention to science education through The Network, Inc., 290 
South Main Street, Andover, MA 01810. 

2. Through the Office of Programs for the Improvement of Practice, 

• The National Diffusion Network makes exemplary programs available for 
adaption by educational institutions at all levels. For a description of the 
N< twork and of Science Education Programs That Work (1988), write to 
the Superintendent of Documents, Washington, DC 20402. 

• Nine regional educatio lal laboratories provide research, development, and 
technical help to the states under their jurisdiction. 

3. Among the Library Programs is the Educational Research Library 
(Washington, DC 20208), which lends books and other materials. 

Superintendent of Documents 

The U.S. Government Printing Office, Washington, DC 20402, makes avail- 
able publications on educational statistics. 



Other Sources 

Science Service. This organization judges and selects winners of scholarships 
and awards provided by the Westinghouse Educational Foundation (the 



•For this publication, write the Information Office at the address above (Room 
300) DERI. 
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Wcstinghousc Science Talent Search). Also offers science reports and publi- 
cations of interest to teachers and the public generally. 



World Coiacil for Gifted and Talented Childreu. Proceedings of the biennial 
world conferences on gifted and talented children are available from Tril- 
lium Press, R O. Box 209, Monroe, NY 10950. 



Related ^ umab. Several publications not necessarily devoted to schooling 
or education of gifted children per sc (for example, the NSTA journals and 
books. Patents' Magazine, and The Instructor) often treat various aspects of 
giftedncss as well as listing and explicating helpful programs. 
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Part VI 

Biographical Notes 
on Contributors 



Biographical Notes on 
Contributors 



Sigmund Abeles. Science consultant for the Connecticut State Department 
of Education, Abeles has had an interest in programs for the gifted and 
talented for many years. Formerly supervisor of education for the gifted for 
the New York State Education Department, he presently serves on the 
Connecticut ta:' force for the gifted and talented. Since 1961, he has been 
involved in curriculum development in science with particular emphasis on 
the physical sciences and technology. He has written many articles on topics 
and issues in science education. Besides his work as administrator of the 
federal math-science bill in Connecticut, he is currently involved in revising 
Connecticut's "Guide to Curriculum Development in Science,** a document 
designed to assist school districts in the development and implementation of 
their science programs. 

Biil C. Aldridge. Executive Director of NSTA for the past nine years, 
Aldridge previously served three years as a program manager in the Division 
of Science Education Development and Research, Science Education Direc- 
torate, of the National Science Foundation. He has an undergraduate degree 
in physics, as well as advanced degrees in physics and educational evalua- 
tion, from the University of Kansas. He holds a degree in science education 
from Harvard University. He has taught high school physics and mathemat- 
ics and coliege physics. Aldridge has written two textbooks, nine mciio- 
graphs, and numerous magazine and journal articles. He has received 
awards and recognition from the National Science Foundation and from the 
American Association of Physics Teachers. As director of the larg^'.st science 
education organization in the world, Aldridge has the opportunity to pursue 
a myriad of activities and interests associated with science and science 
education. 
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Isaac Asimov. Bom in Russia in 1920, Asimov arrived in the United States 
in 1923 and has been an American citizen since 1928. Educated in New 
York's public schools, he went on to Columbia University, where he earned 
all his degrees, including a Ph.D. in chemistry in 1948. He joined the faculty 
of Boston University's School of Medicine and is a professor of biochemistry 
there, although he has done no work (and received no pay) since mid- 1958. 

Asimov became interested in science fiction in 1929, began writing in 
1931, submitted his first story on June 21, 1938, made his first sale on 
October 21, 1938, and has since written 351 short stories (and published 
them, of course) and has 6 more in press. He has also published 391 books 
and has some 22 in press. He has written at least 2,000 nonfiction essays, 
mostly about science. In fact, for 50 years virtually all he has done is write, 
on almost every conceivable topic and for almost any conceivable audience. 
He expects to continue this until he is quite, quite dead. 

Isaac Asimov is married to Janet O. Jeppson, psychiatrist and writer, and 
has two children by a previous marriage (a boy and a giri). 

Paul F. Brandwein. As a research biologist. Brand wein probed host-paiasite 
relationships in cereal fungi; he taught biology and ecology in schools and in 
university. Certain of his researches in teaching and learning probed the 
traits of gifted and disadvantaged young; ^ editor-in-chief at Harcourt 
Brace Jovanovich he directed preparation of instructional programs for 
national and international schooling and education. Brandwein has written 
books in science and in education and is now at work on Walden III: The 
Coming Birth of an Educational System. He is listed in American Men and 
Women of Science and in Leaders in Education. 

Linda Crow. An earth scientist and science educator in high school and in 
colleges. Crow has been teaching for the past 10 years at an urban commu- 
nity college. She has written numerous journal articles and has contributed 
to three monographs. Her major research has been in the area of factors 
affecting student science achievement. In 1985 she won an NSTA Ohaus 
Award for innovation in college science teaching. Her college has also ac- 
knowledged her as an outstandii g teacher and recognized her as a master 
teacher. Recently, she has received a federal grant to develop college materi- 
als that enhance critical thinking in the sciences. 

Lorraine J. Boston. Dibner Associate Professor of history and history of 
science at Brandeis University, Daston has also taught at Haivard, Colum- 
bia« and Princeton Universities. She is the author of Classical Probability in 
the Enlightenment (Princeton: Princeton University Press, 1988) and co- 
editor of The Probabilistic Revolution (Cambridge, MA: MIT Press, 1987), 
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and she has written many articles on the history of mathematics, psychology, 
and natural history. 

Robert A. Day. Currently professor of English at the University of Delaware, 
Day has been involved with scientific writing, editing, and publishing for 
many y; .nrs. He has served as managing editor of the Journal of Bacteriol- 
ogy and eight other journals published by the American Society for Microbi- 
ology. He later served as director of ISI Press and vice president of its parent 
company, the Institute for Scientific Information. Active in many organiza- 
tions, he has been chairman of the Council of Biology Editors and president 
of the Society for Scholarly Publishing. His book, //ow to Write and Publish 
a Scientific Paper, now in its third edition, is used as a text in hundreds of 
colleges and universities. 

Charles R. Eilber Director of the North Carolina School of Science and 
Mathematics from its organization in 1979 until his resignation 10 years 
later, Eilber helped found the nation's first residential, tuition-free school for 
11th and i?th grade students academically talented in science and math- 
ematics. Before his work there, he served in Michigan's public schools for 10 
years as a teacher of science and mathematics and as a secondary school 
administrator He has been a Fulbright Exchange Teacher in Great Britain 
and a National Science Foundation Fellow at Harvard, where he received his 
master's degree in education. He is a member of many local, state, and 
national organizations and frequently serves as speaker or consultant to state 
and national groups interested in public and private schooling and education 
as well as other fields. 

Robert L Ellison. An industrial/organizational psychologist, Ellison is re- 
search director of the Institute for Behavioral Research in Creativity and 
adi .net professor of the University of Utah's department of psychology. He 
earned his Ph.D. in psychology from the University of Utah. He has written 
many papers and technical reports, principally on his research in the areas of 
talent identification and development, assessment of individual and orga- 
nizational performance, and organizational development. 

Df^rul r. - Aiar receiving her Ph.D. in comparative literature in 
1974, sh -^-^i it**rsture <trd writing in colleges and universities in the 
Washing ^ ; C ^cea for a number of years. Fort has singly and coopera- 
tively de^i;.V' writirip programs both in and out of the academy and pre- 
sent^ F^pcr^ about teaching writing. In recent years, she has turned to 
free-lance writing and editing, specializing in science education and pub- 
lishing occasionally in the field. She is mother to two daughters. 
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Vincent G, Galasso. Galasso, who received a bachelor of science degree from 
the City College of New York in 1961 and a master of science degree from 
New York's St. John's University in 1967, has done further graduate work at 
New York University and Long Island University He has been teaching in 
the New York City school system since 1 962 and was appointed chairman of 
the biology department at The Bronx High School of Science in 1981 . 

Galasso has made numerous presentations relating to science and educa- 
tion for the gifted and talented locally, nationally, and internationally He 
also has worked in development programs for teachers and supervisors and as 
an adjunct professor at The City University of New York and Columbia 
University. 

Stephen Jay Gould, A paleontologist, evolutionary biologist, teacher, and 
writer, Gould is based at the Museum of Comparative Zoology at Harvard 
University, where he is Alexander Agassiz professor of zoology. Gould's 
scientific field studies have been largely of the Bahamian land snail Cerion, 
He has written numerous books, essays, and reviews and received many 
grants and fellowships, literary and academic medals and awards, and honor- 
ary degrees. Gould serves on the editorial and/or advisory boards of several 
journals and scientific organizations. A frequent and popular speaker on 
science and other matters, since 1973 he has also written a monthly column, 
"This View of Life," for Natural History, He is father to two sons. 

Francis J. Heyden, SJ, Heyden, director of the solar/opt' division of the 
Manila Observatory (Philippines), majored in philosopu>, theology, and 
astronomy, earning his Ph.D. in the latter at Harvard University For 26 
years, he served as chairman of Georgetown University's astronomy division; 
during this period, he also prepared the Manila Observatory's war damage 
claims. As a teacher, Heyden helped some 95 graduate students prepare 
dissertations and offered some 50 lectures annually to precollege students 
ranging from fifth graders to high school seniors. 

David W, Johnson, A University of Minnesota professor of educational 
psychology (emphasis in social psychology), Johnson has master*s and doc- 
toral degrees from Columbia University He has written 17 books, including: 
The Social Psychology of Education; Joining Together: Group Theory and 
Group Skills: Learning Together and Alone: Cooperation, Competition, and 
Individualization; Educational Psychology; and Circles of Learning: Co- 
operation in the Classroom, He has published over 250 research articles in 
leading psychological journals. 

In 1972, he received a national award for outstanding research from the 
American Personnel and Guidance Association; in 1981, he received another 
award for outstanding research on intergroup relationships from Division 9 
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of the American Psychological Association. He is currently listed in ^Vho's 
Who in the World. 

For the past 20 years Johnson has served an organizational consultant to 
schools and businesses in such areas as nianagement training, team building, 
ethnic relations, conflict resolution, interpersonal and group skills, preven- 
tion of drug abuse, and evaluating the affective outcomes of school systems. 
He is an authority on experiential learning and is a recent past editor of the 
American Educational Research Journal, 

Roger T Johnson, A professor in the University of Minnesota's department 
of curriculum and instruction (emphasis in science education), Johnson holds 
an M.A. degree from Indiana's Ball Sute University and an Ed.D. from the 
University of Qilifomia, Berkeley. His public school teaching experience 
includes teaching in kindergarten through eighth grade in self-contained 
classrooms, open schools, nongraded situ^Uions, cottage schools, and depart- 
mentalized (science) schools. 

Johnson is an authority on inquiry teaching and has worked at the national 
level in science education. He is a member of the NSTA Search for Excel- 
lence Team and was a member of the Project Synthesis group, which ex- 
plored discrepancies between what science education ought to be and what is 
actually happening in science classrooms. 

Johnson has served on many major task forces of the Minnesota Environ- 
mental Education Board. He has written numerous articles, ^veral book 
chapters, and has cowritten (with David W. Johnson) Learning Together and 
Alone (2nd ed., Prentice-Hall, 1987) and Circles of Learning (Association 
for Supervision and Curriculum Development, 1984). He has received sev- 
eral national awards, including the Helen Plants Award from the American 
Society for Engineering Education in 1984. 

Milton Kopelman. Kopclman received a bachelor of science degree from 
The City University of New ^'^rk in 1946; a master of science degree from 
Columbia University in 1949; and has done further graduate work at the 
University of Colorado, Pennsylvania Sute University, and Columbia Uni- 
versity. He has been teaching in the New York City school system since 1948 
and served as the chairman of the biology department at The Bronx High 
School of Science from 1 961 until 1 977. He was then selected as principal of 
The Bronx High School of Science and has held that post since 1 977. He has 
also been an adjunct professor at The City University of New York and 
Columbia University. 

Joshua Lederberg, In 1946, Lederberg, then a 21 -year-old medical student, 
discovered that a form of sexual reproduction — gene recombination — occurs 
in bacteria, opening the door to many applications of bacterial genetics in 
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medicine and in biotechnology. He received the Nobel Prize for this work in 
1958, along with Edward L. Tatum and George Beadle. 

Lederbeig was educated in New York City public schools, including 
Stuyvcsant High School, and then at Columbia University and its medical 
school, Columbia College of Physicians and Surgeons, where he worked with 
his prime mentor, Francis J. Ryan. He then taught at the University of 
Wisconsin and Stanford University, where he collaborated with E. A. 
Feigenbaum in artificial intelligence, pioneering the development of ''expert 
systems," before becoming the president of New York City's The Rockefel- 
ler University in 1978, the post he holds today. 

He worked on the Mariner and Viking missions to Mars, and he has served 
as a consultant to the Arms Control Disarmament Agency, to many other 
government agencies, and to the World Health Organization. From 1966- 
1971, he wrote a weekly syndicated column for the Washington Post on the 
social impact of scientific progress. 

Lederberg has had a lifelong insatiable curiosity about every aspect of 
science, and in his present role is particularly concerned about understanding 
and enhancing the creative potential of young investigators. 

Lynn Margulis. She is Distinguished University Professor of botany at the 
University of Massachusetts at Amherst. Previously she taught at Boston 
University, where she has worked since 1966. Since 1958, Margulis has 
written or been coauthor of 7 books and over 200 shorter publications — 
among them research and nontechnical chapters and articles. She has di- 
rected the Ph.D. or master's degree theses of over 20 graduate students and 
retains an interest in the development of hands-on science education for 
young people. Margulis, who works largely in cell biology and microbial 
evolution, is currently studying the symbiotic origin of cell organelles and 
living microbial mats as analogs of ancient microbial communities. Parent to 
four children, she now publishes frequently with her son Dorion Sagan. 

Evelyn Morholt. A former teacher, Morholt has been editor of The Teach- 
ing Scientist (Federation of Science Teachers, New York City), chair of a 
New York City high school science department, and acting examiner for the 
New York Board of Education. She has written nine books used in the 
schools, the most recent with Paul F Brandwein, A Sourcebook for the 
Biological Sciences (3rd ed.), 1986. 

Joseph D. Novak. A Fulbright scholar and professor of education and biolog- 
ical sciences at Cornell University, Novak began his research into the pro- 
cess of learning when be tried to discover why so few students were effective 
at problem solving. Among his contributions are 17 books, including A 
Theory of Education (Cornell University Press, 1977), as well as television 
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programs on learning techniques produced by Australian and U.S. public 
television. He has served as president of the National Association lur Re- 
search in Science Teaching. 

A, Harry Passow, Passow is the Jacob H. Schiff professor of education at 
Teachers College, Colunobia University, where he has been a faculty mem- 
ber since 1952. He initiated the Talented Youth Project at Teachers College 
in 1 954 and served as its director for 1 2 years. Editor of The Gifted and the 
Talented: Their Education and Development, Part I, the 78th Yearbook of 
the National Society for the Study of Education, Passow is the current 
president of the World Council for Gifted and Talented Children, Inc. 

Steven / Rakow. AssisUnt professor of science education at the University 
of Houston—Clear Lake, Rakow has written over 50 publications. His inter- 
ests include computers in education, the sUtus of mincnties in science 
education, reading and science education, and the role of science in middle 
and junior high school. Rakow is the field editor of Science Scope, the NSTA 
publication for middle/junior high schoolteachers. He currently spends his 
time teaching science methods courses for elementary and secondary teach- 
ers, offering teacher inservice presentations, and — his greatest love — teach- 
ing a class of gifted and talented fourth graders. 

Robert A. Rice, Currently a science consultant at the Lawrence Hall of 
Science, Rice is a science educator with more than 50 years of experience in 
teaching, supervising, and administering science activities for students and 
teachers. He was one of the developers of the children's area. United States 
Science Exhibit, Century 21 Exposition, Seattle, Washington; he was re- 
sponsible for the development of numerous teacher and student training 
programs and institutes at the University of California, Berkeley; and he was 
one of the developers of the Lawrence Hall of Science. His major interest is 
in science fairs and symposia for students and a student research journal of 
science and technology, BASE, This journal provides opportunities for stu- 
dents worldwide to publish their research work. 

Annemarie Roeper Cofounder of the nationally esteemed Roeper City and 
Country School and cocditor of the Roeper Review, Roeper Uught graduate 
courses at Oakland University, Michigan, and Wheelock College, Boston. 
She has published four books for children, numerous articles, and a book 
titled Education for Life, She received an honorary doctorate of education 
from Eastern Michigan University. Roeper is listed in Who's Who in the 
World and Who's Who of American Women, With her husband, Geoi^e 
Roeper, she has received ciutions from the Michigan Board of Education 
and the Michigan Senate and the key to the city of Detroit. 
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Irving S. Sato, Director of the National/State Leadership Training Institute 
on the Gifted and the Talented since 1972, Sato is a speaker and consultant 
to numerous organizations concerned with the schooling and education of the 
gifted and talented. He has conducted workshops, conferences, and meet- 
ings, made presentations, or given speeches in all 50 states as well as ad- 
dressed forums in many other countries worldwide. Sato is author or editor of 
numerous books and papers and has conducted six research projects on 
various aspects of giftedness. He belongs to many professional organizations 
and advisory boards and has received many honors and awards. 

Madeline Schmuckler, Having completed her undergraduate work at City 
College of New York, she did graduate work in education at Yale University 
and in educational administration at St. John's University (New York). In 
1976, she began teaching at The Bronx High Schoofof Science, from which 
she is presently on leave. She is mother to two children. 

Glenn T Seaborg, Scaborg is University Professor of Chemistry at the 
University of California, Berkeley, associate director of the Lawrence 
Berkeley Laboratory, and chairman of the Lawrence Hall of Science. He 
joined the Berkeley campus faculty in 1939, after receiving his Ph.D. there in 
1937, and served as chancellor from 1958 to 1961. From 1961 to 1971 he 
chaired the U.S. Atomic Energy Commission. Winner of the 1 95 1 Nobel Prize 
in chemistry (with E M. McMillan) for work on the chemistry of the 
transuranium elements, Seaborg is one of the discoverers of plutonium (ele- 
ment 94). During World War II he headed the group that devised the chemical 
extraction processes used in plutonium production for the Manhattan Project. 
He and his coworkers have since discovered 9 more transuranium elements: 
elements 95-102 and 106. Among his codiscoveries are many isotopes with 
practical applications in research, medicine, and industry (such as iodine 131, 
technetium 99m, cobalt 60, cesium 1 37, amencium 241 , plutonium 238), as 
well as the fissile isotopes plutonium 239 and uranium 233. 

Sid Sitkoff. An instructional specialist in science, SitkofT has written and 
directed numerous science programs including "Stones and Bones," dissemi- 
nated through the National Diffusion Network. His major interest is in 
science education. He serves as science specialist for Ine Los Angeles Uni- 
fled School District and is a lecturer at Loyola Marymount University, Los 
Angeles. 

Gerald Skoog. SkoQg has taught science in schools ranging in number of 
students from 150 to 3,600 and has been a science educator at Texas Tech 
University since 1969. His research interests focus on the coverage of evolu- 
tion in high school biology textbooks. Skoog was NSTA president in 1985- 
1986. 
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GuntherS, Stent. Bom in Berlin in 1924, Stent graduated from Chicago's 
Hyde Pirk High School in 1942 and studied physical chemistry at the 
University of Illinois (B.S. 1945; Ph.D. 1948). He then attended the 
California Institute of Technology as a postdoctoral fellow to join Max 
Dclbruck's **Phage Group/' the fountainhead of the discipline that, a few 
years later, came to be called "molecular biology." Stent has been on the 
University of California, Berkeley, faculty since 1952, as professor of molec- 
ular biology since 1959. His current research concerns the embryological 
development of the nervous system. Besides contributing to the scientific 
literature. Stent has also published on the history and philosophy of science 
and, in 1986, edited for posthumous publication Dclbruck's philosophical 
testament Mind from \f alter? He is a member the National Academy of 
Sciences, the American Academy of Arts and Sciences, and the American 
Phik)sophical Society 
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